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FOREWORD 
This symposium was conceived in 1970 when several interested 
persons in Oklahoma independently thought of getting landowners, sports-
men, academicians, businessmen, legislators, and wildlife managers to-
gether to discuss improvement of living conditions for bobwhite quail 
in the state. Although Oklahoma has one of the greatest bobwhite pop-
ulations in the country, the bird's numbers here are diminishing along 
with decreasing habitat quality wrought by the universal problem of 
intensifying land-use practices. Broad public understanding is needed to 
cope with this trend; unification of quail enthusiasts behind a feasible 
educational program is an important first step. 
During several informal discussions about the proposed conference, 
we evolved the more ambitious plan of holding a national meeting to 
fully air current problems and management philosophies from all parts 
of bobwhite range. Our goal would be maximum exchange of ideas and 
opinions, and for bobwhite enthusiasts from as wide a variety of back-
grounds as possible to congregate and become better acquainted and learn 
ways to help each other. We realized that the entire range of topics 
concerning bobwhite could not be covered within the limitations of 
one meeting, so we asked for supplemental papers to be published in the 
proceedings and proposed that subsequent meetings be held regularly in 
the future to provide further exchange of information. 
In retrospect, the symposium achieved much of what we hoped for. 
A notable exception was that we did not attract as many laymen as desired, 
thus the attendants included a large proportion of professional wild-
life workers. We hope that future organizers of conferences will give 
special emphasis to attracting landowners and other citizens who have 
great influence on the welfare of bobwhite quail. 
Several personnel of the Oklahoma Department of Wildlife Conserva-
tion, the U. S. Soil Conservation Service, and the Oklahoma State 
University provided skillful, dedicated assistance in planning and 
conducting the meeting. The secretarial staffs of the Oklahoma State 
University Research Foundation and the Oklahoma Cooperative Wildlife 
Research Unit were extremely helpful in preparing the final manuscript 
and in having the proceedings printed. 
Several nationally prominent individuals provided worthwhile 
suggestions that helped us considerably in forming the program. They 
deserve much of the credit for whatever good we achieved. Any 
shortcomings are strictly my responsibility. 
John A. Morrison, Chairman 
Program and Publications Committee 
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SIDELIGHTS OF THE N.B.Q.S. 
The National Bobwhite Quial Symposium was attended by 320 scientists, 
wildlife managers, wildlife commission members, newspapermen, bird dog 
trainers, game farm operators, fieldtrialers, and laymen interested in 
the ecology and management of quail. Conferees came from as far as 
Maine and California but the heaviest attendance was from the south-
eastern United States. There was much more information presented than 
could possibly be absorbed during the three and one-half days of the 
Symposium. Therefore, these proceedings should provide a most valuable 
reference work for the state of the art as it existed in 1972. 
The success of the Symposium was due to the efforts of a number of 
individuals and organizations. First, of course, was the excellence of 
the technical presentations. Dr. John Morrison and his program committee 
deserve the thanks of all for organizing the program and obtaining the 
most knowledgeable and competent speakers of the nation. The papers 
were well prepared and to the point and the discussions were lively and 
stimulating but the Symposium also provided an opportunity for many 
individuals who knew each other 'only on paper' to make face-to-face 
contacts and to exchange ideas on current theories and research findings. 
Apart from the technical proceedings, there were numerous other 
activities most worthy of mention. Mr. George Wint, Oklahoma Department 
of Wildlife Conservation, arranged an outstanding exhibit of wildlife 
paintjngs and wood carvings, which included paintings valued up to 
$20,000 and superb wildlife wood carvings. Though Mr. Wint is most 
widely known as an outstanding wildlife biologist, his creative talents 
also place him in the front rank of wildlife artists. 
The field dog event, narrated by William F. Brown, editor of The 
American Field, included champion bird dogs of five popular breeds. 
English Setters.::-Johnny Crockett, and Susan Crockett; Irish Setters--
Clancy O'Ryan and Saturday Night Zeke; English Pointers--Oklahoma 
Palidon Polly, and Crossmatch; German Short Hair Pointers--Albrecht's 
Tena Hi and Albrecht's Cassy Elheinie, and the Brittany Spaniels--
Brandy's Bullet and Sno Fun Mac were shown on game before an enthu-
siastic assemblage. An excellent Retriever Demonstration featured Black 
Labradors shown by Dr. Roy Stonecypher and Mr. Dick Cook. 
We are indebted to the Harper Ranch for providing the quail used 
in the field dog demonstration and to Mr. Delmar Smith and his two 
fine sons, Tom and Rickey for handling the bird field chores. Mr. E. B. 
(Bud) Epperson, Judge Lee West and Dr. Darwin Hawthorn shared with the 
group their vast knowledge of bird dog performance. 
Following a Hawk and Falcon Demonstration, Mr. Addison Warner, 
president of Imco Dog Food Company was host for a social reorientation 
hour and barbeque. In addition to providing the food and refreshments, 
he constantly enlivened the proceedings with his wit and wisdom. 
Mr. Jim Lewis, Oklahoma Cooperative Wildlife Research Unit, and 
Mr. Tommy Hines, Oklahoma Department of Wildlife Conservation, took a 
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group of about thirty interested early-risers to a nearby prairie 
chicken booming ground for the spectacular spring rites of the greater 
prairie chicken. The event was so enjoyable that an additional group 
went out each morning of the Symposium. This was the first opportunity 
that many had had to observe wild prairie chicken at first hand. 
Mr. Irvin Bollenbach, prominent Oklahoma cattleman, hosted the 
conference field trip at his ranch, near Kingfisher, where we also 
were treated to a barbecue served by the Grand National Quail Hunt 
Club of Enid, Oklahoma. The field trip was concluded with a tour of 
the Canton Wildlife Management Area under the guidance of Clark Derdyne 
and Frank Carl, Wildlife Biologist of the Oklahoma Department of 
Wildlife Conservation. 
The ladies program, arranged by Mrs. Phyllis Luebke and Mrs. E. B. 
Epperson, included visits to the Gilcrease and Philbrook Museums in 
Tulsa, the Cowboy Hall of Fame in Oklahoma City, and to the home of 
OSU President and Mrs. Robert B. Kamm in Stillwater. 
And then, there were the myriad services performed by graduate and 
undergraduate wildlife students of the Department of Zoology, who turned 
on the switches, drove the cars, collected the money, and generally 
sweated and strained as a labor of love. May they all achieve their 
lifetime ambition which is generally not a whole lot more than seeing 
that this old planet survives and that its wildlife gets a fair shake. 
Howard R. Jarrell 
Secretary 
National Bobwhite Quail Symposium 
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PANEL SESSION I 
TRENDS IN PRINCIPAL MANAGEMENT THEMES 
Moderator -- William F. Brown, Editor 
The American Field 
BOBWHITE QUAIL ON SHOOTING PRESERVES 
Edward L. Kozicky, Winchester-Western Div., Olin, East Alton, Illinois 
Let there be no doubt that the bobwhite quail is king among game 
birds south of the Mason-Dixon line, whether found in the wild or on 
shooting preserves. No one can accurately estimate the number of bob-
white quail being shot annually on the shooting preserves; however, a 
conservative indication would put the annual increase in harvest at 
about 10%. 
Quality quail hunting on shooting preserves is not easily achieved. 
It requires attention to a multitude of details, as contrasted to the 
flighting of pheasants, chukars, and mallards. Yet quality birds on a 
shooting preserve can so closely simulate wild hunting of bobwhites 
that you have to blink your eyes to tell the difference. 
As with all animals, the behavior of bobwhite quail depends on 
heredity and environment, and it is difficult to tell which of these 
factors is more important. Quail are delicate and can lose an ounce 
of weight within 1 or 2 days. And we know that good, wild, pen-reared 
stock can, in a matter of a few weeks, perform in an unsatisfactory 
manner in the field. Birds that yesterday or last week were a chal-
lenge to any hunter now are poor flyers, run in the open ahead of the 
dog, and hesitate to flush. 
I wish it were possible to d"efine exactly what we mean by "wild 
stock," but it isn't. I do know that there is a difference between 
strains of bobwhite quail produced by various game bird breeders--
some have a wild spark and some don't. And I have yet to see a thor-
oughly domesticated strain of bobwhite quail perform well in the field. 
Efforts to provide optimum quail environment simply will not compensate 
for a lack of "wildness" in a bobwhite quail; it is essential to start 
with good wild stock. 
Our experience at Nila Farms indicates that isolation of the birds 
from human disturbance is important. We permit no visitors at our 
quail-holding pens; and as much as possible, only 1 man takes care of 
feeding and watering these birds. 
1 
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Overhead cover apparently affects the birds' behavior in the field. 
Our present holding pens were constructed in a timbered area, and the 
quail behaved beautifully in front of the bird dogs and hunters until 
frost removed the leaf cover from the trees. To correct the situation, 
we attached some sheet metal roofing over about 0.75 of the pen. It 
did the trick--at least, our released birds no longer sought an open 
spot when released in the field. 
There are few things on a shooting preserve more embarrassing than 
a covey of birds milling around in an opening in the vegetation when a 
dog is on point. Providing overhead cover, either natural or artifi-
cial, has virtually eliminated this for us. 
Weather conditioning is also important. Our birds are maintained 
in the open in standard holding pens--not in an enclosed brooder house--
since this helps to develop proper feathering which, in turn, results 
in good flyers and quail which can survive the elements following re-
lease. 
Bobwhites are quite fastidious, and it's essential that dust pans 
be available, and that the dirt in the pans be changed every few days. 
And they cannot be crowded. We provide a minimum of 2 sq ft per bird 
to prevent cannibalism. 
Feed conditioning is another critical factor. We maintain the 
birds on the same rations used by the game breeder from whom they were 
purchased, but supplement their diet with baled millet. This accustoms 
the bird to the grain they will find on the shooting areas and keeps 
them occupied and contented while in the holding pen. Naturally, fresh 
water must be available at all times, including periods of subfreezing 
weather. 
The greatest scourge of pen-reared bobwhite quail is ulcerative 
enteritis, a disease which has been the bane of existence to many a 
game breeder and shooting preserve operator over the years. Our holding 
pens have a wire floor, and this may be the reason we have had only 2 
minor outbreaks of the disease during the past 15 years. 
We were lucky. Both outbreaks were diagnosed quickly and the fol-
lowing medication promptly administered: 5 cc of streptomycin added to 
each gallon of water for 5 days, then 1 cc to each gallon for at least 
5 more days. I have a hunch that the speed with which treatment for 
ulcerative enteritis is started is a deciding factor in its control. I 
say "hunch" since we dare not risk allowing the disease to gain momen-
tum before administering the streptomycin. 
Ten years ago we constructed a flight pen for conditioning bob-
white quail. It was the "thing to do." However, we soon learned that 
good-quality bobwhites, isolated from human disturbance and not overly 
crowded, get abundant exercise in a pen 8 ft wide by 28 ft long and 3 
ft high. Our former quail pen has now been converted to a chukar-
holding pen. 
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There are probably almost as many ways to release bobwhite quail 
on shooting preserves as there are preserves. We still adhere to the 
technique outlined in our book, "Shooting Preserve Management--The Nilo 
System." The birds are handled by man only once between the holding 
pen and the field--when they are taken out of the catch box and put 
into the release crate. Again, experience has shown that a knowledge-
able birdhandler quickly learns to distinguish between a potentially 
good or poor flyer by the reaction of the quail when he has it in his 
hand. 
We try to provide our guests with a covey rise of 5 to 6 birds, 
and then follow up any singles which we're able to mark down. For a 
good covey rise, the birds should be released in appropriate cover. 
We look for thick ground cover such as a brome grass or a harvested 
wheat field with an understory of Korean lespedeza and little overhead 
cover. Birds planted in heavy overhead cover that's open at gound 
level will run ahead of the dog and go out as singles. May I suggest 
that you pay particular attention to the cover when you view "The Show-
Me Hunter" following the banquet Tuesday evening. 
Precipitation presents special problems in handling shooting pre-
serve quail north of the Mason-Dixon line. Bobwhite quail don't per-
form at their best during snowfall, or even when an inch or 2 of snow 
is on the ground. Nor do they fly in a satisfactory manner on rainy 
days. Rather than be embarrassed by subquality behavior of birds be-
fore guests, we do not flight bobwhite quail under such conditions; we 
substitute either pheasants or chukars. 
Contrary to popular opinion, pen-reared quail are not always warm-
ly welcomed into coveys of wild birds. We have 12 to 15 coveys of wild 
quail on our 700 acres at Nilo Farms, but those birds seldom accept 
pen-reared quail that are not harvested by our hunters. More often 
than not, they are unwelcome--and we have had very few observations of 
pen-reared birds within the wild coveys. 
So much for the birds; let's discuss the shooting preserve indus-
try. 
Shooting preserve operators need the patience and understanding of 
the public. Though many people think so, operating a shooting preserve 
is no Golconda. To a great extent, it's a labor of love though it does 
provide a fair return on the operator's investment, providing he and 
his family have a compassion for the general public and are willing to 
work long hours. 
It is essential that state game departments work closely with pre-
serve operators; the state people can be of immense help for they are 
in an excellent position to provide publicity for the concept and to 
enforce minimum quality standards for shooting preserves. 
Everyone loses when even one individual operates a substandard 
shooting preserve. Granted, it's only a question of time before he 
goes out of business. But until he does, he creates a terrible public 
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image for the good shooting preserve operator and leaves a trail of 
disillusioned hunters. Eventually the state game departments will in-
sist on minimum standards; and when they do, they will have the co-
operation and backing of the majority of shooting preserve operators. 
There's been a lot said about quality hunting on shooting pre-
serves, But quality isn't entirely a matter of management. Frankly, 
I've reached the conclusion that the quality of hunting also depends 
on the type of customer. During the years I've been at Nilo Farms 
we have had both quail and pheasants so difficult to bag that some 
hunting parties were embarrassed by their poor shooting. Had these 
hunters been paying for only birds bagged, we would have gone broke. 
Unfortunately, our supply of supercharged quail disappeared; however, 
the birds now available allow our guests to come back from the field 
happy and full of pride in their shooting prowess. 
For the last 3 years we have worked with a cross of the usual pen-
reared pheasant and the Korean strain--a small, wild and touchy bird. 
It soon became apparent that these Korean crosses were too wild for 
some of our guests, and now we have wild pheasants and not-so-wild 
pheasants to accommodate the good shooters and not-so-good shooters, 
What I'm driving at is the fact that the shooting preserve opera-
tor has to cater to his customers. Actually, he can provide hunting 
just about as difficult as anyone wants. 
It's also been my observation that most hunters are more interest-
ed in action than communing with nature. 
It is indeed unfortunate that shooting preserve operators have 
had to guarantee bags to attract patrons since, in reality, they are in 
the business of outdoor recreation--selling a sporting chance to har-
vest a given number of birds, not carcasses. So the next time you feel 
like criticizing a shooting preserve operator--remember that he is try-
ing to earn a living, and that "the customer is always right." If he 
doesn't supply an acceptable product at a reasonable price, his com-
petition will. 
THE TRADITIONAL SOUTHERN BOBWHITE QUAIL PLANTATIONS 
Leon Neel, Tall Timbers Research Station, Thomasville, Ga. 
The private shooting plantations of the southeast occupy a most 
interesting place in the history and development of wtldlife management 
in our country. Dedicated principally to the classic sport of bobwhite 
quail shooting, these properties stretched from Virginia to Texas and 
ranged in size from a few hundred to thousands of acres of southern 
land. 
In the Thomasville, Georgia - Tallahassee, Florida are~ private 
ownership of land for recreational purposes, specifically quail shoot-
ing, began in the late nineteenth century. Prior to this the sport was 
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recreation demanded, or by visitors, who with local guides and dogs 
trooped the surrounding countryside in search of their explosive quar-
ry. The acquisition of land for private quail shooting plantations 
continued throughout the South for many years as affluent individuals 
or groups learned that only by actual ownership could their socio-
recreational desires be assured. South Carolina became a choice lo-
cation for ownership because of direct rail connections with New York. 
Preserves were developed in Tennessee, Mississippi and North Carolina, 
and they had interesting influences on their parent locations and 
people. Alabama natives, with a natural affinity to quail hunting, 
dogs and horses, welcomed the development of the great preserves in 
their state, and today a large number of the top dog trainers and 
managers of southern plantations are Alabamans. 
Management developed as problems arose. Vegetation manipulation 
became and is a foremost problem for plantation managers. The old 
cotton fields and farmsteads, abandoned after the defeat of the South 
in the war between the states, had gone through the early stages of 
plant succession and by 1920 offered new challenges to those respon-
sible for the quail crop. This was the beginning of the single most 
important sequence in the history of bobwhite quail management in the 
South, and indeed helped to mold concepts in management that have with-
stood the test of time. This sequence began with a decline in the 
quail population through the deterioration of habitat caused by exclud-
ing fire. The classic study by Herbert L. Stoddard, Sr. (6), in the 
1920's was a direct result of the deterioration of the shooting quality 
on existing plantations and it was financed by unhappy plantation own-
ers. One of the most important underlying principles to emerge from 
Stoddard's research has to be the concept of an ecological approach to 
management, including fire as a necessary and useful tool. Stoddard, 
joined by Edwin V. Komarek in 1934, continued management research on 
plantations throughout the South (7). Komarek, recognizing the impor-
tance of fire as a natural agent (1,2,3,4), has fought long and hard 
over the years to secure the proper role of fire in our environment. 
Through such private research, the southern plantations have had con-
siderable impact on wildlife management as a profession, and bobwhite 
quail management in the South in particular. 
Perhaps the optimum period in the life of southern quail planta-
tions as an entity began to decline after World War II. Changing so-
cial and economic conditions made it difficult to put together new 
plantations in more desirable locations. The old, established proper-
ties have begun to disappear as shooting preserves as death or inflated 
land values and ever-increasing taxation whittle away at them. 
An interesting management phenomenon has occurred over the years 
that in part has led to the loss of certain properties as shooting 
plantations. The pioneer owner generally had a well-developed esthetic 
sense. As timber stumpage prices were very low until World War II, 
most owners preferred to retain and encourage all timber. The timber 
volumes increased until these properties became woodland plantations, 
some with very high timber values (5). Consequently many fine planta-
tions have passed into the hands of commercial timber-utilization com-
panies and are thus lost from the ranks of private shooting lands. 
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While there is usually an attempt by the timber concerns to maintain 
quail shooting, at least in part, it is never very satisfactory in the 
traditional sense as quail management values become secondary to com-
mercial timber values. Some of the finest southern plantations are 
now nothing more than land owned by commercial timber companies, with 
the once magnificent stands of old-growth timber gone, generally along 
with the quail. 
Population increases and growth and development have taken their 
toll also. Florida has lost several fine properties to "progress," 
and some of the remaining Tallahassee plantations are even now experi-
encing the threat of absorption by the pressures of a frenzied develop-
ment boom. Other properties in the South are becoming smaller by 
division, as heirs seek to each retain part of the old life. Oftentimes 
the owners of these smaller acreages have less personal wealth and less 
interest in management for quail, thus concepts of a continuation dimi-
nish. 
Several attempts have been made to perpetuate certain individual prop-
erties by donating them to educational institutions for the purpose of 
conducting research in a directly related field for the public good. 
The Ames Plantation in Tennessee and Tall Timbers Plantation near Talla-
hassee, Florida are examples of once great private shooting preserves 
that are now serving the public through research on many subjects re-
lated to the bobwhite quail and its management. Of course their func-
tion as traditional quail plantations has ceased, but hopefully these 
properties will continue to be managed as an ecosystem that will in-
clude a bountiful population of bobwhite quail. 
Other excellent plantations, such as Nilo Plantation at Albany, 
Georgia have, through the generous efforts of their owners, become 
laboratories for certain research projects conducted by competent bi-
ologists on various aspects of bobwhite quail ecology and management. 
In summary, the traditional southern bobwhite quail plantations 
had their beginning as an entity some 100 years ago. Bobwhite quail 
management largely developed on these properties, scattered throughout 
the South, and this in turn contributed much to the development of 
wildlife management as a science in the United States. The success of 
this management effort can be attributed primarily to the fact that 
these properties have been privately owned, and their management is 
free from the pressures of bureaucratic or public control. Increased 
taxation and the "progress" of growth and development are the major 
threats to the continuation of these great private shooting preserves, 
and even today many have passed into history. Regardless of their 
place in the future, the southern bobwhite quail plantations have made 
their contribution to all who share the many pleasures derived from 
the bobwhite quail. 
Literature Cited 
1. Komarek, E. V., Sr., 1965. Fire Ecology - grasslands and man. 
Proc. Tall Timbers Fire Ecol. Con£. 4: 169-220. 
15
Morrison and Lewis: Full Issue
7 
2. ------------------- 1967a. Fire - and the ecology of man. Proc. 
Tall Timbers Fire Ecol. Con£. 6: 143-170. 
3. ------------------- 1967b. The nature of lightning £ires. Proc. 
Calif. Tall Timbers Fire Ecol. Con£., Hobergs, Calif. 5-42. 
4. ------------------- 1971. Effects of Fire on wildlife and range 
habitats. Proc. Prescribed Burning Symp., USDA Forest Service, 
Asheville, N. C. 46-52. 
5. Prunty, Merle, Jr. 1963. The woodland plantation as a contem-
porary occupance type in the south. Geogr. Rev. 53(1):1-21. 
6. Stoddard, H. L. 1931. 
servation, and increase. 
The bobwhite quail, its habits, pre-
Chas. Scribner's Sons, New York. 559 
7. Stoddard, H. L., Beadel, H. L., and Komarek, E. V. 1961. The 
cooperative quail study association. Tall Timbers Research 
Stat. Tallahassee, Fla. 
BOBWHITE QUAIL MANAGEMENT ON STATE CONTROLLED WILDLIFE AREAS 
Ralph J. Ellis, Oklahoma Department of Wildlife Conservation, Oklahoma 
City 
Introduction 
The public's use of bobwhite quail depends upon the presence of the 
birds and upon access to lands where they are found. Access to state 
fish and game lands is rarely a problem. However, providing desired 
quail populations is usually a challenge. The purpose of this report 
is to discuss what the state fish and game agencies are doing to pro-
duce bobwhites on lands they manage. 
Techniques 
All states known to have bobwhite populations were queried con-
cerning: (1) numbers of acres under their control, (2) numbers of 
acres under their control inhabited by bobwhite quail, (3) percent of 
managed land receiving treatment beneficial to bobwhites, (4) kinds 
of quail management practices in use, (5) numbers of acres in each 
practice, (6) estimated effect on quail populations of each practice, 
and (7) plans for future quail management. 
Findings and Conclusions 
Twenty-five states answered the inquiry (Fig. 1). This included 
9 states having so few bobwhite quail that management for this species 
did not exist or was of a token nature. 
The responding states indicated that they controlled 16.9 million 
total acres of state fish and game lands (Fig. 2). One-third (5.6 
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million acres) of this was reported to be inhabited by bobwhite quail. 
Management practices designed to benefit quail were being employed on 
2 million acres - 36% of the inhabited lands. 
Seven management practices beneficial to quail were in common use 
(Fig. 3). Several states commented that management practices in use 
were designed to benefit several species including quail. In general, 
states in the heart of the quail range employed management directed 
principally to quail while peripheral states were mostly concerned with 
other species. 
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Herbaceous planting was the most common practice reported and is 
being used by 88% of the states. In most cases, herbaceous plantings 
involved agreements with cooperating farmers who planted prescribed 
crops and were permitted to harvest a portion of the grain or forage. 
Small food patches apparently were planted where sharecropping was not 
practical. One state noted that although food crops should be small 
irregular patches, their sharecroppers prefer large square fields. 
Herbaceous plantings ranked third in acreages treated, and were in com-
mon use throughout the bobwhite quail range. 
Tree and shrub planting was the second most-used practice (Fig. 3). 
It was used most extensively by states on the north and west borders of 
the bobwhite quail range. Usually it was used to break up large fields. 
More than twice as many acres were treated with tree and shrub plant-
ings than were treated with any other practice. 
Controlled burning was employed by about 0.5 of the states report-
ing (Fig. 3). About 0.2 of all game and fish lands were so treated. 
Most of the states using fire to any appreciable extent were in the 
Southeast. None of the New England states reported using fire. 
Timber clearing and thinning was used by 42% of the states on 
small portions of their lands (Fig. 3). The same can be said for mow-
ing and spraying brush. In both cases, the practice was usually em-
ployed to break up dense extensive stands of woody cover and create 
more edge. 
Prescribed grazing was used by 27% of the reporting states, usually 
for control of brush and grass. One state fenced covey headquarters 
areas to protect them from cattle trampling. 
Plowing and discing were used by nearly 40% of the states, but on 
a very limited scale. They were employed to control grass and to 
generate natural quail foods. 
Several other worthy practices were reported by a few states. 
Four states reported the use of brush piles - including "living" brush 
piles produced by cutting individual trees partly in 2 and then pushing 
them over. 
The planting of a grass-legume mixture as nesting cover next to 
cropland was reported by one state. The clipping of vegetation to pro-
duce "bugging" areas for broods was mentioned. Also 1 state made bare 
dirt trails for travel lanes and dusting areas. 
Herbicide use on timber and root plowing of brush were each under 
test in 1 state. "Quail food blocks" are also under study in 1 state. 
The states were asked to classify the practices they were using as 
to good, questionable, or poor with respect to their value for increas-
ing quail numbers. All practices except herbaceous plantings, tree and 
shrub plantings and prescribed grazing were considered good by all states 
employing them (Fig. 4). 
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According to this measure, controlled burning was the most useful 
tool employed (Fig. 4). Timber thinning or clearing was second. Brush 
control and plowing and discing were also favored practices. 
Herbaceous plantings, although popular with most, were considered 
questionable by 26% of the respondents. Sixty-one% of the 
states using tree and shrub plantings considered this practice to be 
good, 31% considered it questionable and 8% felt it was poor. Pre-
scribed grazing was considered poor by 60% of the states; 40% believed 
it was good. 
Whether or not any of the practices are good or poor depends much 
on how they are used. A good example is grazing in Oklahoma. On state-
owned lands where the Department can control when and how much grazing 
occurs, it is a useful low-cost tool. However, on Department-managed 
Corps of Engineer lands, it has been a poor practice because the De-
partment has been unable to prevent frequent overgrazing. 
The states were also asked to indicate their plans for future 
management. With one exception, no major changes in management seem 
likely (Fig. 5). The exception is that about 65% of the responding 
states intend to increase their use of controlled burning. There were 
indications of small increases in the use of grazing. 
Several states indicated that they did not feel qualified to eval-
uate the practices they were using. They suggested a need for more 
research to do this. Six or more states are now engaged in such re-
search. A look at the list of papers being presented at this symposium 
will indicate the nature and location of some of this research. Yet 
there are large regions where so little is known about the effects of 
practices in use that management is a hit-or-miss proposition. In 
these areas, research to develop productive management practices has 
first priority. 
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TRENDS IN MANAGEMENT OF THE BOBWHITE QUAIL ON COMMERCIALLY OWNED FOREST 
LAND AND NATIONAL FORESTS OF THE SOUTHERN REGION 
Dale H. Arner, Mississippi State University, State College, Miss. 
Introduction 
It has been amply documented that good populations of bobwhite 
quail can be maintained on forest land where at least 0.25 of the area 
is maintained in scattered small openings (1,2). 
Even-aged timber management has become a common silvicultural prac-
tice in southern woodland management. This type of management entails 
clearcutting, and invariably includes some type of site preparation 
such as burning, mist blowing of herbicides, or the use of mechanical 
equipment such as choppers and KG blades. The size of the clearcuts, 
the span of time involved in the cutting cycles, and the type of site 
preparation will all have an effect on quail populations. According to 
personal communication with Mr. Carroll Perkins (1972), International 
Paper Company economists have determined that clearcuts of 400 acres 
approach the maximum in economic efficiency, cuts larger or smaller 
than this increase the cost of land clearing. Many of the clearcut 
areas produce excellent quail hunting for the first 2 or 3 years after 
clearcutting. This is especially true on cleared forest land which has 
at one time been in cultivation. 
This survey was initiated to ascertain the trends in forest manage-
ment and bobwhite quail management on commercially owned forest land and 
on National Forests of the Southern Region. 
Procedure 
Addresses of owners of extensive areas of commercial forest land 
in the Southeastern United States were obtained from the Wood and Wood-
lands Directory of the January, 1972, issue of Pulpwood. A question-
naire was developed with the help of Mr. Ross Shelton, Extension Spe-
cialist, Mississippi State University, and with Mr. Carroll Perkins of 
the Department of Wildlife and Fisheries, along with personnel of the 
Forestry Department at Mississippi State University. 
This questionnaire was sent to timberland managers of all timber 
companies listed in the aforementioned directory for the Southeastern 
Region of the United States. This area included the states of Maryland, 
Virginia, North Carolina, South Carolina, Georgia, Florida, Mississippi, 
Louisiana, Tennessee, Alabama, and Kentucky. A total of 70 question-
naires were sent to timber companies and 47 (67%) responded. 
A similar questionnaire for determining quail management trends in 
the national forest area of the Southern Region was prepared with the 
help of Herman L. Holbrook of the Wildlife Management Division of Re-
gion 8 of the United States Forest Service. Mr. Holbrook sent the 
forms to forestry personnel in charge of management of national forest 
lands in Virginia, West Virginia, North Carolina, South Carolina, 
Georgia, Florida, Arkansas, Mississippi, Alabama, Kentucky, Louisiana, 
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Results 
Forest Management on Commercial Forest Land 
Ninety-one% of the timber companies responding showed that 
even-aged management was being practiced on their land. Forty-three 
companies reported a total of 17,213,525 acres of forest land under 
even-aged management out of a total of 25,392,551 acres, which is 
approximately 67% of the total forest land area owned by the companies 
reporting. The total acreage that was reported as being clearcut an-
nually was 605,500 acres with an average of 14,719 acres reported per 
company. Of more significance for quail management was the average 
acreage size of clearcut reported by the timber companies. This amount-
ed to an average of 227 acres per company with a range of 50 to 1500 
acres. Although 23% of the timber land managers said that there was 
no maximum size limit on the clearcuts, only 16% of the companies re-
ported clearcut acreage of 400 acres and over. 
The average span of time between clearcutting of adjacent blocks 
ranged from 1 year to 30 years. Fifty-one% of the companies 
reported short cutting spans of 10 years and under. 
The majority of the timberland owners are utilizing some form of 
site preparation with 75% of the companies reporting that 80% or over 
of the clearcut areas were site prepared, with a total acreage of 
535,470 acres reported as site prepared in 1971. A large majority of 
the timber companies reported burning and soil scarification with 
heavy equipment as being the main technique used in site preparation. 
Fourteen companies reported a total of 33,100 acres of land site pre-
pared by burning alone, while 39 companies (91%) reported a total of 
370,124 acres site prepared by a combination of heavy equipment and 
burning. Severe criticism of this method used in site preparation was 
limited. Nine companies (21%) reported criticism of the clearcutting 
operations with most of the criticism coming from local sportsmen's 
groups. 
Quail Management on Commercial Forest Land 
Only 11% of the companies reported any specific consideration 
given to the site preparation program for quail habitat management. 
Forty-five % of the companies reported using food strips in·a 
quail management program. A total of 4,539 food strips with a com-
bined acreage of 1,746 acres was reported. The proportion of land 
planted to food plots to total acreage was 1 to 14,543 acres. 
Only 6 companies reported using quail feeders, the range being 28 
to 750 feeders per company. Only 1 company reported the release of 
pen-reared quail. 
Fourteen companies (33%) reported a total of 71,400 acres of land 
managed specifically for quail. Of the total acres owned by timber 
companies, 1 acre of land was managed for quail out of each 355 acres 
of timberland owned. Only 21% of the companies reported leasing lands 
specifically for quail hunting. 
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Thirty-seven% of those responding indicated that interest 
for leasing land for quail hunting had increased, none of the companies 
reported any decrease in interest, whereas 54% reported interest was 
remaining about the same as in previous years. 
Forest Management on National Forest Lands 
Questionnaires returned by the U. S. Forest Service personnel in 
Region 8 showed that out of a total 12,205,894 acres of forest land, 
even-aged management was practiced on 10,831,000 acres. The total 
acreage on 30 national forest areas reported to be clearcut annually 
was 112,150 acres, with the annual clearcut ranging in size from 1,250 
acres to 20,000 acres per national forest. The average size per clear-
cut was 43 acres in the Mountain area, 65 acres in the Piedmont, and 
90 acres in the Coastal Plains. Maximum size of clearcuts averaged 63 
acres in the Mountains, 125 acres in the Piedmont, and 117 acres in the 
Coastal Plains. 
The span of time between clearcuttings on a given site ranged from 
a minimum of 10 to 20 years to a maximum of 10 to 100 years with the 
majority of the national forests reporting a range of 10 to 30 years. 
All but 3 national forests reported that 100% of their clearcut 
land was site prepared. In the other 3 national forests the reports 
showed 90% of the land was site prepared. In the Southern Region a 
total of 133,125 acres was site prepared in 1970-71. 
The most commonly used technique involved in site preparation was 
the tree injecting method (55,661 acres) followed closely by preparation 
with heavy equipment (52,995 acres). Burned sites accounted for only 
17,287 acres (Table 1). 
Sixty-six% of the respondents reported they were criticized 
for the site preparation techniques used, with the majoriLy of the 
criticism coming from local sportsmen and ecology groups. 
Quail Management on National Forest Lands 
Nearly 0.5 (47%) of the national forest rangers reported that some 
specific consideration was given to site preparation for quail habitat 
management. 
Only the national forests in the deep southern states of Alabama, 
Arkansas, Florida, Georgia, and Mississippi established food strips for 
quail. National forest areas in these states reported a total of 1,135 
acres of quail food plots, which amounted to 1 acre of food plantings 
per 10,754 acres of timberland. 
Reports indicated that in only 5 southern national forest areas 
was there a substantial acreage specifically managed for quail. The 
total acreage reported in these 5 areas was 206,000 acres. 
The interest in quail hunting increased in Arkansas and in the 
5 deep southern states and remained constant elsewhere. 
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Table 1. Acreage Involved in Three Types of Forest Site Preparation 
on National Forest Lands of Region 8 for 1970-71. 
Heavy Comb, of Tree Total 
Burning equipment both injecting acres 
Alabama 6,104 1,520 7,624 3,417 18,665 
Arkansas 
(Okla.) 6,000 18,000 24,000 
Florida 17,300 17,300 34,600 
Georgia 130 3,850 4,750 8,730 
Kentucky 1,242 4,619 5,861 
Louisiana 1,300 2,700 1,400 5,400 
Mississippi 648 7,983 10,169 18,800 
North 
Carolina 1,627 1,567 3,194 
South 
Carolina 2,400 4,800 350 1,750 9,300 
Tennessee 1,440 1,440 
Texas 5,080 6,300 5,080 1,060 17,520 
Virginia 1,300 8,889 10,189 
TOTALS 171289 521995 311754 551661 157 1699 
Discussion 
The total acreage of clearcut and the size of clearcut areas were 
substantially greater on commercial forest land than on national forest 
land. The majority of the companies reported having clearcu·t acreage 
approximately twice as great as the acreage of clearcut on national 
forest land. This increase in size of harvested area would be expected 
on commercial forest land where significant monetary savings accruing 
from harvesting larger areas are usually considered to be more manda-
tory than on nationally owned forest lands. 
Burning as a technique in site preparation was much more commonly 
used on commercial lands, whereas tree injecting was much more commonly 
used on national forest lands. Injection was not mentioned by any of 
the reporting timber companies. Plant successions developing from 
tree-injecting techniques do not normally have as many good quail food 
plants as do the plant communities developing from burning or discing 
techniques. 23
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The total acreage developed for quail food plots in both commer-
cial forest land and national forest land was insignificant considering 
the acreage involved. The reported increase in interest in quail hunt-
ing reported by Rangers in 6 southeastern states should point out the 
need for greatly increased habitat management programs in Region 8. 
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PANEL SESSION II 
HERETICAL IDEAS ABOUT BOBWHITE ECOLOGY AND MANAGEMENT 
Moderator -- Ralph W. Dimmick, 
Associate Professor of Forestry 
The University of Tennessee 
THE ONE QUAIL PER ACRE MYTH 
Forest E. Kellogg and Gary L. Doster, Southeastern Cooperative Wildlife 
Disease Study, University of Georgia, Athens 
Edwin V. Komarek, Sr., and Ray Komarek, Tall Timbers Research Station, 
Tallahassee, Florida 
f,bstract: 
Data are presented which conflict with the 1-bird-per-acre satu-
ration point concept for bobwhites (Colinus virginianus). Conclusions 
are that if a saturation point exists it is at a level greater than 2 
bobwhites per acre. 
A well-accepted dictum in bobwhite management has been that 1 
quail per acre is the maximum attainable population level. Present-day 
concepts were summarized by Rosene (6:221) who indicated that the maxi-
mum stable population was only slightly over 1 bird per acre. He sug-
gested that regardless of habitat quality, bobwhites would not tolerate 
greater densities since mature birds refused to be crowded beyond that 
point. 
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Data cathered by the authors during the first 4 years of a bob-
white management study appear to refute the validity of a 1-bobwhite-
per-acre maximum. 
Funds for this study were provided by Tall Timbers Research Sta-
tion, Tallahassee, Florida; the Federal Aid in Wildlife Restoration 
Act (SO Stat. 917); and through Contract No. 14-16-0008-676, Bureau of 
Sport Fisheries and Wildlife, U.S. Department of the Interior. 
Methods 
This study was conducted at Tall Timbers Research Station, a 
2800-acre area located in a limestone region of broken terrain in the 
northern part of Leon County, Florida. Prior to 1800, vegetation on 
most upland sites in the area was largely pine (Pinus spp.) and wire-
grass (Aristida stricta). At some time during the 1800's most upland 
sites were in cropland. By 1900 many of the fields had reverted to wood-
land, and annual burning in late winter or early spring was the local 
practice. As a result of such treatment a rich herbaceous flora de-
veloped as an understory in an open pine woodland. The area under con-
sideration was managed primarily for quail hunting from 1895 until 1964 
when it was transferred to Tall Timbers Research Station (1). Tall 
Timbers Research Station is bordered on the south by a large lake, on 
the west by a dense hardwood hammock, and on the north and east by quail-
hunting lands of other plantations. The bobwhite population on Tall 
Timbers was high in 1964 and remained high throughout the present 
studies. 
In 1968, a portion of the Research Station, including corn fields, 
fallow fields, botanical plots (9), mature pine woodlands, and some 
thickets in wet areas, was selected for study. Ninety% of the 
area in thickets and woodland was burned annually, whereas the fields 
and scattered 0.5-acre botanical plots were not. An extensive network 
of fire lanes was plowed each year to protect the plots. Mature pine 
(Pinus taeda and f. echinata) and live oak (Quercus virginiana) pre-
dominated in the open woodland areas, whereas water oak (Q. nigra), 
sweetgum (Liquidambar stvraciflua), black gum(~ sylvatica), and 
mockernut hickory (Carya tomentosa) were the primary species along 
water courses. Partridge pea (Cassia spp.), native lespedezas (Les-
pedeza spp.), beggarweeds (Desmodium spp.), and other herbaceous--
plants were common each spring after the February and March burns. 
Over 200 species of plants, 29 of which were legumes, were recorded in 
an experimental plot of 20 acres (unpublished data, Tall Timbers 
Research Station). No food patches were planted for quail. 
Estimates of the bobwhite population density on 1118 acres were 
made in November 1968 and February 1969 (4). Using data obtained 
during these population estimates as a guide, 2 study sites of approxi-
mately equal population density were selected (Fig. 1). Sizes of the 
study sites--1 of 505 acres and 1 of 524 acres--were dictated by the 
amount of manpower available for census work. At the nearest point 












Morrison and Lewis: Full Issue
17 
In the springs of 1969, 1970, and 1971 most of the fields en 
Study Site 1 were planted i~ corn, whereas cultivation was terminated 
in the spring of 1969 on Study Site 2. Annual burning of the woodlands 
was ccntinued on both areas. Herbicides and pesticides were not used 
in the corn fields. C.orn was harvested with mechanical pickers in 
October and Novemb~r of each year, and in 1969 and 1970 the fields were 
plowed in December. Little grain was available after the fields were 
plowed. In accordance with plans for a future study, the fields were 
not plowed in December 1971. 
In February of 1970, 1971, and 1972, quail populations were esti-
mated using the Lincoln Index method. Quail traps (7) were placed at 
selected high-use sites, baited with cracked corn, and checked twice 
daily. Approximately 1 trap was used per 6 acres. Quail were banded 
and released at the trapping site. Efforts were raade to band approxi-
mately 0.5 of the population. Additional traps were set 200 to 400 
yards from the boundaries of the study sites in 1970 and in 1971 to 
determine if banded birds were moving off the study sites due to in-
creased human activity. Birds captured off the study sites were not 
banded. In no year did trapping take more than 2 weeks. Collection 
by shooting commenced 2 .-i;,.ys after banding operations ceased and is 
assumed to have provided a random sample of the population. The col-
lection parties, using dogs, swept back and forth across each study 
area covering the total area as many times as necessary to collect an 
estimated 20% of the population. Collections usually took 6 to 9 days. 
Population estimates and 95% confidence levels were calculated using 
the method of Davis (2:107;. 
Results 
In 1970 and 1971, population density on the study site with corn 
fields exceeded 2 bobwhites per a~re, and in 1972 increased to more 
than 3 bobwhites per acre (Table 1). The study site with fallow fields 
held more than l but less than 2 quail per acre during each year of 
the study. 
Trapping records indicated that quail moved only short distances 
during our trapping sessions. Seldom were quail trapped more than 200 
yards from the original poin'.~ of capture. In one trap, 58 different 
birds were caught in a period of 9 days. Three different coveys were 
often captured at a single t~apsite within a week, and it was not un-
common to catch 20 or moLe birds in a trap at 1 time. Trapping con-
ducted off the study sites in 1970 and 1971 did not yield birds banded 
on the study sites. 
Discussion and Conclusions 
Stoddard's (7) earl;' work on bobwhites indicated that a November 
population of 1 bird per acre over areas exceeding 1,000 acres was 
exceptionally high and was approached "only on the finest and most 
diversified quail ground.'' He also noted that intensive quail preserve 
development was just beginning and that there was no basis upon which 
to predict the maximum density of quail that could be produced in the 
26
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
18 
future. In reports to the Cooperative Quail Study Association in the 
mid thirties, Stoddard (8) indicated a belief in a saturation point 
for bobwhites. 
The saturation point concept for bobwhites, with a 1-bird-per-
acre maximum, was developed by Leopold (5). Saturation point was an 
upper density limit determined by competition among individuals of the 
same species. It was considered an inherent property of certain species. 
and was said to exist when the same maximum population densities existed 
on a large number of widely separated optimum ranges. Leopold based 
this 1-bird-per-acre maximum density concept for bobwhites upon wide 
experience in game surveys, historical records, and Stoddard's (7) 
quail investigations. He believed that bobwhite populations occasion-
ally surpassed 1 bird per acre, but only for a short time. 
Leopold's 1-bird-per-acre concept was well accepted by wildlife 
managers, and little information has been presented to challenge such 
a viewpoint. However, Stoddard in his later years (1964, personal 
communication) surmised that fall population densities on managed lands 
in the Thomasville, Georgia/Tallahassee, Florida region were approach-
ing 2 bobwhites per acre over large areas. Ellis et al. (3) contended 
that with proper management, bobwhite densities in the fall could 
exceed 1 bird per acre. Kellogg, Doster, and Williamson (4) reported 
a late winter density of 1.2 bobwhites per acre. Although Leopold 
(5:71) undoubtedly was responsible for the widespread belief in the 
1-bird-per-acre limit, he did not close the door t~ new ideas. His 
chapter on density limits was summarized in the following manner: 
This account of what little is known, or guessed at, 
about fluctuation and density limits in game, 
contains a high percentage of surmise or speculation, 
because the accumulated labor of naturalists contains 
a low percentage of attention to this fundamental 
subject. Scientists have been studying it in the 
handmade glass-bottle environments of the laboratory. 
This is proper--they will some day extend their 
experiments to the hills and fields. 
Our experiments were extended to the field, and at this interim 
point in our study we have documented bobwhite densities greater than 
1 bird per acre for a period of 4 years. There is no indication that 
the high population densities on our study areas were the result of 
recruitment from outside. On adjoining plantations supplemental feeds 
were abundantly available as were natural feeds. We suspect that the 
weedy corn fields on Study Site 1 produced good brood-rearing range 
and thereby contributed to the high population density indicated by 
the February estimates. It should be emphasized that these population 
estimates are not the usual fall estimates upon which the concept of 
saturation point has been based. These are late winter estimates. 
Fall estimates would have indicated even higher population levels. 
These findings do not necessarily invalidate the concept of a satura-
tion point for bobwhites, but they do suggest that if such a popu-
lation density limit exists, it is at a level greater than 2 bob-
whites per acre. Population densities of 2 to 3 quail per acre are 
not rare in the Thomasville, Georgia/Tallahassee, Florida region today. 
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Table 1. Banding data and u,mulaticn ·'c.: !mates. 
Randt'd Total No. 
Bobwhite<;: hu!, .. hi~cs hnb1.,1hites p()pulation bobwhites c, Vf'')'f''' Average l' 
Area Date bandf'd collected collected estimates per acre on st•idy site acres/covey 
(P,·0.05) 
Study Site 1 1970 66 l 219 127 1143±_ 132 2. l 95 5.3 
(SOS acres 
with 1;orn 1971 1.rl4 .:}7 117 1386±_ 182 2, 7 
p-, - ,4 
fields) 
1972 800 ll2 163 1543±_177 3,1 ! 28 ) . 9 
Study Site 2 1970 284 127 10 721,!_159 1.4 60 8.7 
r12.ri. acres 
with fallow 1971 438 140 74 829_±132 1. 6 69 7 .6 
fiPlds) 
l972 h:1) 1'15 77 580:.!87 1.1 1.8 10, 9 
*Average covey size . 12 birds 
28
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
20 






Figure 1. Study Site 1---80.2 acres in 17 corn fields averaging 4.7 
acr e s each and 19.1 acres in 7 fallow fields averaging 
2.7 acres each. Study Site 2---102.1 acres in 23 fallow 
. fields averaging 4.4 acres each. 
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SECOND BROODS IN BOBWHITE QUAIL 
Jack A. Stanford, Missouri Department of Conservation, Jefferson City 
Abstract: 
Data on second broods in bobwhite quail is limited due to a lack 
of information on molting patterns, quiescence of female gonads, nest-
ing chronology, and parental behavior in males and females. 
An analysis of these factors is presented along with a discussion 
of 19 occurrences of second-clutches in Missouri. The impact of second 
br,lods on quail populations is discussed. 
Of many topics pertaining to the life history and biology of bob-
white quail, that relating to second broods is most shrouded in specu-
lation and mystery. The lack of information is due to 2 factors: 
(A) time involved in studying an entire nesting season to secure second-
brood data, and (B) difficulty of observing the double-brood sequence 
in wild populations. Chance observation is an important factor. 
But awareness that second broods exist is the greatest key to 
understanding the subject. By learning the patterns of quail behavior 
and production associated with second broods, we increase our chance 
of evaluating the phenomenon. 
The occurrence of second broods in bobwhites seems to have been 
fairly common knowledge to earlier ornithologists and to rural folks 
having opportunity to observe pairs producing first and second broods. 
However, the occurrence of second broods has been questioned or denied 
by many students of bobwhite behavior, despite strong indications that 
they may be common in normal reproduction, and perhaps a most important 
factor in the rapid recovery of quail populations following severe popu-
lation "lows." 
I do not question the occurrence of second broods for bobwhites; 
second broods are a documented reality. The question is, how many occur, 
and under what specific conditions are they most likely to occur? 
Dr. Frank H. Knowlton of the U. S. National Museum stated (5) of 
the bobwhite quail, "The male assists in caring for the young, taking 
full charge of the first brood while the female is hatching the second." 
Bent (1) also referred to second broods in bobwhite, but expressed doubt 
as to the existence of proof of such occurrences. 
Since these writings, some people have accepted as fact that bob-
white quail have second broods; others have not. Many biologists have 
been skeptical that second broods are a logically expected occurrence 
in the life cycle of such a short-lived, high-turnover species as the 
bobwhite quail. Some commentators have misquoted facts or expressed 
undocumented beliefs in concluding that bobwhite lack second broods. 
It is time to set the records straight on this most interesting subject. 
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Workers who have devoted considerable time to the study of bobwhite 
population dynamics and reproductive behavior have often knowingly or 
unknowingly made observations that indicate a possibility of second 
broods. Hickey (4) stated "Because the number of young per adult is 
roughly twice that of any other galliform species thus far reported, 
speculation always seems to arise that this species may raise 2 broods. 
This possibility ought to be settled by close observation of marked 
birds under semi-captive conditions." Lehman (6), in observing and 
studying population fluctuations of Texas bobwhite quail, considered 
11 
• the possibility of not only 1 brood of young from most pairs, 
but 2 broods in a single season from some." 
Frank Schley (8) discussed first and second broods in quail so 
logically that one can easily relate to the rural observation and dis-
cussions that form the basis of the article. Present day stories about 
observations of second broods by rural people ("first brood under the 
spirea bush and then the renesting hen under the climbing rose with the 
hen joining the cock and young in the road for feeding") parallel 
Schley's conclusions. 
Unfortunately, we have too often discarded such observations by 
rural individuals who have often lived closer to the birds than do many 
people who write about them. Stoddard (11), while not recording occur-
rences of second broods in his most excellent work, would have, I 
believe, ultimately observed them had his carefully concentrated nest-
ing-production studies continued. The accumulated evidence of most long-
term work gradually points to the occurrence of second broods. Stoddard 
states, 11 • • • many broods are encountered afield in charge of one parent. 11 
But his subject reference pertains to topics other than second broods. 
I believe that time alone would have expanded his findings to include 
second broods, if they are characteristic of quail in the southeastern 
portion of the range. This latter comment is made because of the pos-
sibility that an inclination for second broods may be more character-
istic of birds in the more rigorous portions (snow-cold and droughty 
fringe areas) of the quail's range. Francis (2) speculated that second 
broods were a possibility in California quail (Lophortyx californicus). 
Gullion (3) also found evidence of second broods in Gambel's quail 
(Lophortyx gambelii). Thus, there accumulates interesting speculation 
and evidence that point to the possibilities of more than 1 brood per 
season in bobwhites and related Galliformes. 
Today there arise repeatedly, under topics of facts, fancies and 
myths in game biology, so-called logical reasons why bobwhite quail 
cannot or do not have second broods. To clear the record on these 
traditional misbeliefs, I offer the following comments based on in-
vestigations of bobwhite quail production in Missouri. 
1. A most authorative reason given for no second broods in 
bobwhite quail is that "Stoddard says so." I have heard 
this reason given by professional scholars and biologists 
who should have known better. 
ANSWER: This is a gross misstatement of Mr. Stoddard's 
reference to second broods. In his book The Bobwhite Quail 
(11) he states. 11 ••• no evidence of attempts to produce 
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second broods, when a first was successful, came to light dur-
ing the course of the investigation." In discussing this topic 
with Mr. Stoddard, however, I received strong encouragement 
from him to pursue further studies "that might reveal the oc-
currence and place of second broods in bobwhite biology." 
2. "Bobwhite quail can't raise second broods because the hen must 
brood the young." This statement ties in closely with the 
quote that "second broods are an impossibility because 'every-
body knows' that it takes about 170 days or around 5.5 months 
to produce and rear a brood of quail; there just isn't time to 
have 2 broods." 
ANSWER: Bobwhite chicks are definitely brooded early in life 
by both male and female parents. The male bird readily assumes 
brooding duties when a hen is lost or renests for a second 
brood. My data show that a hen will renest within 8 days after 
hatching brood number 1, and that the cock readily takes over 
brooding and rearing duties. The hen appears to lose all in-
terest in the first brood at such times. Thus, by sharing care 
of the brood, quail pairs can, and do, have the physical and 
behavioral capabilities to rear 2 broods in 1 production year. 
Figure 2 shows that the total time involved in producing double 
broods from first nesting to completion of molt by hen and young may 
vary from 247 days (7 June hatch) to 194 days (19 July hatch). 
3. Hens are no longer in adequate physical condition to produce 
and rear a second brood after incubating a clutch and hatching 
it. 
ANSWER: This has been partially answered in the preceding 
question. Many hens successfully hatching first clutches dur-
ing June possess quiescent gonads through early August, which 
may be activated to laying condition shortly after the chicks 
are hatched or even after 10-day-old young are lost. 
4. After successfully completing and hatching a clutch, quail hens 
molt; such molting is recognized as the cessation of active 
productive effort. 
ANSWER: The latter portion of this statement is partially 
correct because molting usually, but not always, signifies the 
end of production effort. Actually, after an early onset of 
molt and the replacement of 1 or 2 primaries, a hen may be 
triggered to cease molting, resume nesting, and produce a 
second clutch or brood. The statement that hen quail molt 
inunediately after hatching their young (as is typical of some 
chickens) is false. Data from Missouri for "normal" production 
years show that about 18% of the hens hatching chicks in June 
undergo onset of molt within 2 weeks following the hatch; the 
remainder molt later in the summer. Many hens with broods may 
not molt until late in August or even early September (Stanford 
1972). Thus, many hens not molting in June, July, or August 
remain in condition to have clutches of eggs through mid-August 
and occasionally into early September. A few hens nest as late 
as September. 
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Fig. 1 presents production phenology of Missouri quail and hen 
molting patterns for "normal" weather years. 
5. When quail pairs are observed in late July through September 
with young of 2 age groups, 1 "age-size" represents "strays" 
that have been adopted. They are not from second broods. 
ANSWER: Although the above may actually happen, there is 
ample evidence that family groups constituted of young of 
2 age classes may be the product of successful first and 
second broods. Careful observations bear this out as do col-
lections of hen and young, which often reveal that the young-
est chicks are the product of a hen with full brood patch, 
and that all young are of proper age to be from a first and 
second brood sequence. 
Also, limited studies of adoption tendencies in wild quail, 
strongly indicate that wild hens are not as prone to adopt 
small, strange birds as is popularly supposed. Much remains 
to be learned concerning wild hen response to, and acceptance 
of, chicks other than their own. 
One could go on discussing such misconceptions that are offered to 
debunk the second-brood concept. The facts easily override such con-
tentions. Actually quail can, and do, have second broods and probably 
to an extent far greater than we realize. 
Quail production and molt studies in Missouri have been in pro-
gress for 25 years. Original study objectives did not provide for ob-
servations on second broods; however, the accumulated evidence through 
years of study and observation have removed all doubt as to the phy-
siological ability and behavioral potential of quail pairs to produce 
and rear 2 broods per season. 
Since 1950, our quail projects have .involved an annual average of 
30 January-February wild-trapped pairs held in isolated field-ground 
pens. Observation and study of monthly production and primary feather 
molt patterns of young birds and adult hens (some cocks) have been the 
major objectives. But through the years, wild pairs having second 
broods occurred to such a degree that studying them became a separate 
"spin off" project. 
Stanford (9), after 6 years of bobwhite field studies, reported 
field observations of second broods in a feral pair and 2 wild pairs 
held in isolated ground pens, all in the same year. Such observations 
were not designed to be a study of second broods, but the work turned 
out that way. 
During the last 2 decades, we have accumulated considerable data 
on molt onset and progression of primary molt in young and adult wild 
birds, along with much information on nesting behavior of bobwhite 
quail (Stanford, unpublished). The data have been supplemented with 
annual field collections of wild birds in various stages of producing 
and rearing broods. These studies, and information from other quail 
investigations in Missouri, show that: 
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1. Bobwhite quail in Missouri abandon winter covey units around 
mid-to-late April. Mass nesting efforts during May produce a 
first hatching peak at about 15 June which yields 64% of the 
annual crop of young. July-August nesting effort of (A) 
late nesting birds, (B) birds that have lost early clutches 
or broods, and (C) possibly successful first-brood hens at-
tempting second broods result in a second hatching peak at 
around 15 August. This later effort contributes about 36% 
of the annual production. The period of egg-laying through 
hatching embraces about 122 days (May through August). 
2. Hens associated with the 15 June hatching peak may or may not 
begin molt. Approximately 18% do molt at this time, but the 
remainder do not, remaining in a potentially productive con-
dition until a much later onset of molt. A study of wild birds 
in the field and wild pairs in pens plus the annual analysis of 
the molt pattern of 10,000 hen wings collected from hunters 
show that most hens begin molting during late July, August, 
and early September (Fig. 1). 
3. During the early and middle portions of the annual production 
season, many hens remain in a physiological condition to mate, 
lay eggs, and produce young. Some male birds are receptive to 
mating and are capable of fertilizing these hens. 
4. Along with the many field observations of wild, mixed-age, 
July-August young, some of which may be second broods, we have 
recorded and followed through on 19 documented cases of second 
brood attempts in wild bobwhite (feral and penned wild birds). 
Of these 19 fertil~ second clutches following first broods, 
14 hens successfully hatched young while the male cared for the 
first brood. The 5 unsuccessful second clutches failed because 
the hens were lost to blackhead or to predation, or they de-
serted their nests. 
5. Onset dates of molt of some second-clutch and/or second-brood 
hens reveal the delay of onset of molt in bobwhite quail during 
a nesting season: 12, 15, 24, 28 July; 3, 5, 5, 9, 15, 19, 20, 
27 August; 4, 5, 5, 12 September. 
6. Of the birds involved in second brood attempts, 11 (58%) were 
adult hens and 8 (42%) were yearling birds. On the basis of 
age groups in the nesting studies, adult hens appear to be 
5.5 times more likely to attempt second broods than do year-
ling hens. Most renesting attempts occur from late June through 
early August. 
Should the high percentage of adult hens showing propensity for 
second broods be applicable to the wild, we might assume that second 
broods would never reach significant proportions. Under normal con-
ditions, adult hens represent only a rather small percentage of a nest-
ing population. 
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Following severe winter snow-cold conditions and during and fol-
lowing prolonged high-temperature drought, normal age structures may be 
so altered as to cause significant changes from the normal pattern of 
reproduction. High population densities concentrated in limited habi-
tat, accelerated production efforts resulting from markedly improved 
habitat in previously drought-seared areas, and a greater-than-normal 
proportion of adult hens following a severe drought period with poor 
production may interact to set the stage for much production of second 
broods. Rapid population changes from extreme lows to sudden, dramatic 
highs (irruptions) may well result from the quail hen's ability to fill 
an expanding habitat by second-brooding. 
Our data clearly document the occurrence of second broods and shed 
much light on the chronology of such events as nesting, onset of molt, 
and completion time of primary molt in both hens and young. Fig. 2 
presents comparative data for 1 single-brood occurrence and 2 second-
brood attempts that were documented for hen and young over the entire 
production-growing period. 
Of particular interest is the timing of primary molt onset in hens 
at different nesting periods, and the time required for completion of 
primary feather growth. For both adult hens and their young, the time 
required for feather growth shortens when the production-molting events 
occur late in the nesting period. The marked variation in primary 
feather growth of young wild quail is striking when compared with simi-
lar growth information based upon pen-reared birds (7). 
I conclude that while second broods are most difficult to study and 
carefully document, their occurrence in a quail population probably adds 
far more young to an annual bird crop than we are aware of or may ever 
be able to ascertain. Studies on the draughty, fringe areas of the 
quail's range may have the greatest potentiality for providing large 
amounts of information on second broods. 
Additional studies, based on an awareness of the bobwhite's po-
tentiality for producing second broods should be forthcoming through 
careful observations. Collecting adult and young birds and paying spe-
cial attention to the study of molt, brood patch and primary feather 
growth progression also may provide new insights on this subject. 
The case for documented information on second broods in bobwhite 
quail does not rest, but goes on in Missouri quail studies. Although 
we know that quail can and do have second broods far more than we pre-
viously suspected, the all-important questions remain as to how much, 
and under what environmental-population conditions. 
Such questions provide a challenge in continuing studies of the 
bobwhite quail--and in time, they will undoubtedly be answered. 
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Figure 1. Annual reproduction-behavior-molt phenology 
of Missouri bobwhite quail. 
Figure 2. 
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CHANGES OF COVEY AFFILIATION BY BOBWHITE QUAIL IN TENNESSEE 
1 
Noel S. Yoho and Ralph W. Dimmick, Department of Forestry, the Uni-
versity of Tennessee, Knoxville 
Abstract; 
This study was conducted on a 214-acre area of the Ames Plantation, 
Fayette County, Tennessee. Information on behavior of bobwhite quail 
(Colinus virginianus) during winter was obtained through flushing, trap-
ping, color-marking, and telemetering quail during January-March, 1970. 
Interchange of quail between coveys was common; at least 20 incidences 
of change in covey affiliation were recorded. An average covey lost and 
gained a member every 3 days. Rapid replacement of birds lost from 
covey ranges was attributed to communication between coveys. 
The degree to which bobwhite (Colinus virginianus) coveys retain 
the integrity of their membership has been discussed by several authors. 
Stoddard (6:169) noted changes in covey composition in southeastern 
United States, but believed that quail attempted to remain with a given 
covey. Harvey (3) concluded that exchange of individuals between coveys 
in Virginia may be common throughout winter. In a population of quail 
in Iowa with density sufficiently low that covey ranges did not overlap, 
individuals did not change coveys (1,2). The fact that covey ranges 
overlap, however, does not necessarily indicate that interchange will 
occur. Murphy and Baskett (4) investigated coveys in Missouri with 
overlapping ranges and concluded that individuals did not change their 
covey affiliation during the study period. 
This paper estimates the extent of interchange of quail between 
coveys in a moderately high density population in southwestern Tennessee. 
A discussion of the biological significance of changes in covey affilia-
tion by quail is offered. 
The Study Area 
The study area was located on the Ames Plantation, an 18,600-acre 
tract in Fayette and Hardeman counties, Tennessee. Quail behavior was 
studied on a 214-acre plot within a quail management unit. A census 
conducted immediately prior to this study (December, 1969) revealed a 
density of 1 quail per 2 acres on the study area. At the termination of 
the study the population had declined to 1 quail per 2.4 acres. 
Methods and Materials 
Quail were live-trapped on the study area, and marked with radios 
or colored back streamers, and released at the point of capture (7). 
Coveys containing a telemetered bird were located at 2-hour intervals 
1 
Present address: International Paper Company, Camden, Arkansas. 
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diurnally. The bird was approached to within 30 to 70 yards as indi-
cated by signal intensity and then circled to discern its exact loca-
tion. Each captured covey was assigned 1 of 6 easily discernible 
colors of back streamers. Systematic searches were conducted to flush 
coveys on the study area; data recorded at each flush included the 
number of birds seen, color of streamers seen, if any, and flush loca-
tion and landing site of coveys. 
Results and Discussion 
Density of quail on the area was sufficiently high that several 
coveys often utilized a unit of habitat in a fashion resulting in great 
overlap of their ranges. Our efforts to define individual covey ranges 
and to evaluate preferences for specific cover types were repeatedly 
complicated by shifts of individuals from one covey to another. Ob-
servations of color-marked birds, data obtained from telemetered birds, 
and counts of covey size at time of flushing all supplied evidence of 
interchange of quail between coveys. 
Despite the transitional quality of its membership, each covey 
unit displayed rigid fidelity to its home range. Only once did a 
covey wander across a range perimeter previously established by a 
week or more of telemetry data. Flushed birds were never observed to 
fly across established range boundaries, However, the number of birds 
counted at flush for each covey fluctuated irregularly as winter pro-
gressed (Fig. 1). Stoddard (6:170) and Rosene (5:96) noted similar 
changes in size of coveys. 
Changes in Covey Affiliation by Banded, Color-marked Quail 
In the southeast portion of the study area we banded and color-
marked 16 quail in Covey 1, 15 quail in Covey 3, 8 quail in Covey 4, 
and 13 quail in Covey 5. Of the 52 birds banded in these 4 coveys, 24 
were recaptured at least once. Ten of these were recaptured after 
changing covey affiliation; 1 quail was captured in 3 different coveys. 
Quail captured in 2 or more coveys included 3 adult males, 3 juvenile 
males, 1 adult female, and 3 juvenile females. These 10 quail were 
recaptured over an average span of 40 days. The 14 quail recaptured 
each time in their original covey were followed over an average of 25 
days. 
Observation of color-markers during covey flushes in the south-
east portion of the study area provided additional information on 
interchange of quail between coveys. Covey 1 was flushed 11 times, 
Covey 2 11 times, Covey 3 17 times, Covey 4 8 times, Covey 5 6 times, 
and Covey 6 16 times. 
In 5 instances the number of color-marked quail observed to have 
shifted covey affiliation was greater than the shift indicated by trap-
ping records. Nine color-marked quail changed covey affiliation but 
were not recaptured during their association with the second covey. 
We recorded a total of 20 incidents of banded and color-marked quail 
changing affiliation (Fig. 2). 
38
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
30 
Changes in Covey Affiliation by Telemetered Quail 
Four of 13 birds carrying functional transmitters changed coveys 
during the period of observation. Although it is possible that trans-
mitters on quail affected their behavior, our data indicated that tele-
metered quail were not noticeably deviant in behavior after rejoining 
a covey. Telemetered birds were always with a covey after having re-
joined one. Also, telemetered quail were not readily recognizable from 
other quail during any of 35 covey flushes involving a telemetered bird. 
Since behavioral patterns of harnessed quail did not seem to deviate 
greatly from the norm, a crude estimate of the rate of interchange of 
quail between coveys could be obtained. We derived this estimate by 
dividing the 148 days birds carried transmitters (13 birds-average 11 
days/bird) by the 4 times that harnessed quail changed coveys. These 
quail then, changed coveys once every 37 days. By this estimate an 
average covey of 13 birds would lose and gain a bird roughly every 3 
days. 
Mechanism of Covey Interchange 
Rapid replacement of missing birds on covey ranges was believed 
common. On several occasions coveys from which a number of birds were 
trapped and held captive were near original size the following day 
prior to the release of trapped members. A marked decrease in the num-
ber of color-marked quail often occurred from 1 day to the next without 
a corresponding drop in covey size. However, a corresponding increase 
in the number of these color-marked birds in other coveys was not observed. 
Quail probably did not often lose color-markers in such a short time, but 
the fate of these birds was not determined. 
This consistent, rapid replacement of birds between covey ranges 
suggests that replacement may be facilitated through communication be-
tween quail. Often members of several coveys give covey calls simul-
taneously. Perhaps members of coveys which have been reduced in size 
issue characteristic calls which signify their desire to join or be 
joined by other individuals. Quail separated from coveys may be attract-
ed to these coveys by recognizable characteristics of the covey call. 
Conclusions 
Fluidity in covey membership apparently occurs most in populations 
of quail that are dense enough to provide considerable overlap in covey 
ranges. The adaptive advantage of this fluidity may be important. The 
observed receptivity of coveys to "newcomers" serves to prevent excessive 
and uneconomical strife and aggression that might otherwise occur in 
dense populations. Efficient exploitation of food resources and spa-
tially close units of favorable cover is thus enhanced. As winter pro-
gresses and covey sizes are reduced through mortality, this phenomenon 
of interchange may maintain adequate covey size in those coveys occupy-
ing superior habitat units within the range. 
Because bobwhites do not normally move long distances in their daily 
or annual travels, adjustments in home range will likely be small and 
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i.nternal to the populat~on. Large scale emLgrations or immigrations 
will not occur, though translocation of individuals or groups of quail 
across borders between good habitat and poor habitat may be significant. 
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Fig. 2. Interchange of quail between coveys during winter, 1970 
on Ames Plantation. Circled numbers represent activity 
centers for covey units. 
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IMPACT ON BASE POPULATION DENSITY AND HUNTER PERFORMANCE OF STOCKING 
WITH PEN-RAISED BOBWHITE 
Keith Sexson, Jr., Kansas Forestry, Fish and Game Comm., Burlington, 
Kansas 
James A. Norman, Kansas Forestry, Fish and Game Comm., Hays, Kansas 
Abstract: 
In 1962, the Kansas Fish and Game Commission initiated an investi-
gation to determine the effect of semiannual releases of pen-raised bob-
white quail (Colinus virginianus) on population densities of native wild 
quail populations, on availability of birds to hunters, and on hunter 
success. 
Stocking during spring resulted in 7% fewer birds in the fall popu-
lation on the stocked area than on the control area. Stocking during 
fall resulted in 14% more birds, at the time hunting season began, on 
the stocked area than on the control area. Neither of these differences 
were statistically significant, and it is concluded that there was no 
significant difference attributable to stocking between population den-
sities of stocked and control areas. On the stocked area, however, there 
was a significant net increase of 25% in population density between the 
fall census period and the preseason census period. It is concluded that 
the density-depressing influence of spring stocking combined with the 
density-elevating influence of fall stocking, on the stocked area, pro-
duced a significant increase, attributable to stocking, between the 
population density preceding fall release and the population density 
preceding the hunting season. It is further concluded that in the com-
parison of preseason population densities for the treatment and control 
areas, the depressing effect of spring stocking and the elevating effect 
of fall stocking resulted in a treatment-area population that was signi-
ficantly larger than that found on the unstacked control area. 
Some pen-raised birds established themselves as a part of the popu-
lation on the stocked area, but there was not a proportional increase 
in population density. There were fewer native quail on the area when 
treated with semiannual stocking than when under control condition. The 
difference in density of native birds between stocked and control areas 
was not statistically significant. 
Stocking significantly increased hunter success by 30% and 35% on 
areas in Cherokee and Linn Counties, respectively, but the number of 
coveys flushed per hour was not significantly increased by stocking pen-
raised quail. 
Bobwhite quail (Colinus virginianus) stocking has been an active pro-
gram in Kansas since 1922 when the Kansas Fish and Game Department pur-
chased 486 quail from Mexico and experimentally released them in 42 
counties. Trapping and transplanting wild native birds or purchasing 
pen-raised birds for release continued through 1934. 
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In 1933 and 1935, the Department opened the Pittsburgh and Calista 
game farms, respectively, to raise quail for release in Kansas. Pro-
duction from the 2 farms totaled 5,268 birds in 1935. The peak of quail 
stocking in Kansas came in 1955 when 40,789 birds were released. In 
1969, the Calista farm was closed, production at the Pittsburgh farm 
was reduced, and releases of quail were restricted to the eastern 0.25 
of the state. 
This paper is based on information obtained under Pittman-Robertson 
Project W-23-R, Job A-3 entitled Survival and Harvest of Pen-raised Bob-
white Quail. The study had as its primary objective to measure, in 
terms of hunter success, availability of birds to the hunter, changes in 
population densities, economics, and the effect of supplementing native wild 
populations of bobwhite quail with releases of pen-raised quail. 
Study Areas and Methods 
Data presented in this paper were collected from 3 pairs of study 
areas. These areas represented some of the variations in cover condi-
tions typical of primary quail range in Kansas. 
Two pairs of areas were designated as "extensive" areas from which 
only weekend hunter bag-check data were collected. On these areas the 
effect of stocking on hunter performance was the sole objective evalu-
ated. One pair of areas was designated as "intensive" study areas where 
hunter bag checks were conducted throughout the season and population 
census data were collected for evaluating the effects of stocking on 
both hunter performance and population density. 
The extensive study areas were located in Cherokee and Greenwood 
Counties, and the intensive areas were located in Linn County. Data 
were collected on the extensive areas during 1962-1967. A change in 
location of the Linn County areas delayed the study of these areas to 
the 1964-1969 period. 
The Cherokee County areas were located primarily on state-owned 
strip-mined lands, although some private acreage was involved. Cherokee 
County is situated in extreme southeast Kansas and is within the ecotone 
between tall-grass prairie and deciduous forest. Vegetation on the areas 
is dense and topography is considered rugged for Kansas. The Greenwood 
County areas were situated on the state-controlled Fall River Game Man-
agement Area, located within tall-grass prairie at the southern end of 
the Flint Hills. The Linn County areas, typical of east-central Kansas 
farmland, were privately owned. Brushy pastures and small cultivated 
fields, bordered by hedgerows, characterize the Linn Co. areas. 
Each study area was approximately 1-mile square and located at 
least 1 mile from any other study area to minimize movement of birds 
from 1 area to another. One area of each pair was stocked for 3 con-
secutive years (Code Sc) while the other area (Code Cs) served as an 
unstacked control. After 3 years, the roles of the areas were reversed 
for the second 3-year period. Thus variability due to differences in 
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Quail were released during April and October on all treatment areas. 
One hundred and forty-four quail were released on each of the extensive 
treatment areas during each release period. During the first year of 
study, 120 and 144 birds were released in the spring and fall, respect-
ively, on the Linn County stocked area; however, due to excessive egress 
the stocking rate was reduced to 60 birds per release period, with a 
6-year average stocking rate of 70 and 74 birds for the spring and fall 
releases, respectively. The average spring stocking rate in Linn County 
was 108% of the average spring base population (65 birds) and the average 
fall stocking rate was 48% of the average fall base population (154 
birds). 
Eight-to-10-month-old birds were released in the spring and 16-to-
17-week-old birds were used for the fall release, each release containing 
an equal number of males and females. Fall releases were made approx-
imately 1 month prior to the opening of quail hunting season. 
Dense cover types were chosen as release sites, and no additional 
food or water was provided at a release site. When 144 birds were 
stocked, 6 releases of 24 birds each were made at various locations on 
the area; 3 releases of 20 birds each were made when 60 birds were 
stocked. 
Hunter bag checks were conducted by Department personnel on opening 
weekend on the extensive areas and throughout the season on the inten-
sive areas. In addition, persons wishing to hunt on the intensive areas 
were required to obtain the landowners' permissions. If permission was 
granted, the hunting party received a data sheet and instruction sheet 
from the landowner. Boxes for deposit of these sheets were located on 
the perimeter of the areas. 
A major proportion of the total investigative effort was devoted to 
censusing quail populations on the Linn County areas. Censusing was 
practically continuous from the end of a hunting season (various dates 
in January) until the next hunting season began (third Saturday in No-
vember). The overall censusing effort was divided into 5 periods: 
(1) end of hunting season to 15 March, (2) 16 March to spring stocking 
date in mid-April, (3) spring stocking date to 31 August, (4) 1 Septem-
ber to fall stocking date in mid-October, and (5) fall stocking to 
opening of the hunting season. These 5 periods were designated as: 
(1) winter census, (2) spring census, (3) summer census, (4) fall census, 
and (5) preseason census, respectively. Census data revealed that num-
bers of quail in the population declined during winter and spring, in-
creased during summer, and varied up or down during the fall and pre-
season census periods. Therefore, final census figures presented in 
these pages represent the numbers of quail in the populations at the 
end of each period. 
Censusing methods employed varied with the time of year. The pri-
mary method used during all periods was to walk through all areas con-
taining vegetative cover (bare ground, such as a recently plowed field, 
was not searched) recording the location and numbers of all quail ob-
served. Large areas of cover were censused by walking along transects, 
the transect line spacing depending on the density of the cover present. 
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Small areas were searched along a zig-zag course. In either case 
the objective was to get a complete census of the entire study area ra-
ther than a sample from which to estimate the numbers of quail on the 
study area. A bird dog was used to locate quail when conditions were 
favorable. Approximately 1 week was spent on each study area during 
each census period to obtain final flush counts for the period. 
Other sources of information concerning population status were 
track counts when snow was present, recapture of marked quail, and reports 
from resident farmers. During the summer, perimeter and interior roads 
were patrolled by vehicle through the early morning and late evening to 
locate broods and pairs. Attention to calls produced by the birds was 
helpful during the general censusing. The study leader performed all 
censusing. 
Data were analyzed by 2-way analysis of variance in which variation 
among years and variation between treatment and control were tested for 




Population data from Linn County, presented in Table 1, were used to 
test the effects of spring stocking on subsequent fall populations and 
on the effect of fall stocking on subsequent preseason and breeding 
population levels. 
The average numbers of birds in the fall populations (before fall 
stocking) were 154 on the stocked area and 166 on the control area. 
There were 7% fewer birds on the stocked area than on the control area, 
but the difference was not significant. We concluded that spring stock-
ing produced no significant difference between fall population densities 
of the stocked and control areas. 
The average numbers of birds in the preseason populations (after fall 
stocking) were 193 on the stocked area and 170 on the control area. There 
were 14% more birds on the stocked area than on the control area but the 
difference was not significant. We concluded that fall stocking produced 
no significant difference between the preseason population densities of 
the stocked and control areas. More exactly, semiannual stocking pro-
duced no significant difference in population density of the stocked area 
when compared with population density of the control area during the fall 
census period (before fall stocking) or the preseason census period 
(about 30 days after fall stocking). 
On the stocked area, spring stocking produced a depressing effect 
on the fall population density and fall stocking produced an elevating 
effect on the preseason population density. There was a gross popu-
lation increase of 39 birds on the stocked area and of 4 birds on the 
control area, between the fall census (before fall stocking) and pre-
season census perio~s. The net increase in population (35 birds) on 
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the stocked area amounted to 23% of the fall population (before fall 
stocking) present on the stocked area; this difference in population 
density between the fall census and preseason census periods was sta-
tistically significant (P<0.05) and attributable to stocking. If this 
study had been limited to pre- and poststocking censusing of a single-
treatment area (no control) the conclusions drawn would have been quite 
different (see preceding paragraph). 
The average numbers of birds in the spring populations (before 
spring stocking) were 65 on the stocked area and 63 on the control area. 
The 2 figures did not differ significantly. Because this was a test of 
the effects of releases in previous years on the subsequent breeding 
population, 1964 spring census data was omitted as this was the first 
year of the study. Mean data cited were for years 1965-1969. It is 
concluded that semiannual stocking produced no significant difference 
between the subsequent spring population densities (before spring 
stocking) of the stocked and control areas; in other words, there was 
no increase in spring population densities attributable to semiannual 
stocking during a previous year. 
Twenty-three% of all birds bagged on the Linn County stocked 
area were birds released during fall; 3% of the harvest on stocked areas 
were birds released in the preceding spring. If the composition of the 
harvest is used as a measure of composition of the total quail popula-
tion on the stocked area, there were 6 birds from the spring stocking, 
44 from the fall stocking, and 143 birds that were native birds or pro-
geny of spring-stocked birds in the preseason population of 193 birds. 
Thus, 91% of the spring-stocked birds and 41% of the fall-stocked birds 
were no longer on the stocked area when the hunting season began. Fur-
thermore, the stocked area contained 143 native birds (possibly less if 
progeny of spring-stocked birds could be identified) and 50 pen-raised 
birds, while the control area contained 170 native birds. The infer-
ences drawn are: (1) spring stocking had a depressing influence on 
fall population density, resulting in 7% fewer total birds in the popu-
lation and 16% fewer native birds (not a statistically significant 
difference) in the population; (2) fall stocking had an elevating in-
fluence on the depressed fall population, resulting in 23% more birds 
than the depressed level before fall stocking and 14% more birds than 
the control or normal population level; and (3) semiannual stocking 
produced a mixture of 74% native birds and 26% pen-raised birds in the 
fall population, but did not produce a significantly higher population 
density than occurred on the control area. 
Immediately after spring stocking there were 135 birds on the stocked 
area and 58 birds on the control area. The preseason populations were 
193 birds on the stocked area and 170 birds on the control area. The 
ratios of spring (poststocking) populations to preseason populations 
were 1:1.43 and 1:2.93 for the stocked area and control area, respect-
ively. Even though the stocked area received a fall stocking (74 birds, 
average) the rate of recruitment was much higher on the control area. 
From this we hypothesize: spring stocking causes a reduction in summer 
recruitment (chick production) which results in a fall population den-
sity no higher (probably lower) than occurs without spring stocking; 
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fall stocking causes an excessively high population density accompanied 
by an increase in rate of loss of birds (pen-raised and native) from 
the area; and, the proportion of pen-raised birds in the preseason popu-
lation is a function of reduced summer recruitment (chick production) 
and lingering effect of fall stocking. 
Hunting Data 
Hunter success (gun hours/bird bagged) and availability of birds 
to hunters (party hours/covey flushed) were used to measure the effects 
of stocking in terms of tangible benefits to the hunter. If stocking 
is of significant benefit we would expect better hunting success and 
increased availability of birds to the hunter on areas where pen-raised 
birds have been released. 
In Linn County, hunters required 1.00 gun hour to bag a quail on 
the stocked area and 1.53 gun hours on the control; this difference was 
significant (P<0.20). The stocked area yielded 35% better hunter success 
than the control area in Linn County. 
On the Greenwood County areas, the mean gun hours/bird bagged was 
1.80 for the stocked area and 1.77 for the control; the difference was 
not statistically significant. 
On the Cherokee County areas, the mean number of gun hours/bird 
bagged was 1.13 on the stocked area and 1.62 on the control. The dif-
ference between the 2 means was significant (P<0.10) and amounted to 
30% better hunter success on the stocked area. 
Hunting parties in Linn County required 1.07 hours per covey flushed 
on the stocked area and 0.97 hours on the control. These means were not 
statistically different. 
On the Greenwood County study area, parties hunted 1.56 hours/ 
covey flushed on the stocked area and 1.27 hours/covey flushed on the 
control. The difference between the 2 means was significant (P<0.10), 
indicating 19% greater availability of birds to the hunter on the con-
trol area than on the stocked area. 
On the Cherokee County areas, the means of party hours/covey flushed, 
1.13 for the stocked area and 1.31 for the control, did not differ sig-
nificantly. 
Conclusions 
Pen-raised quail are released in spring to add breeding stock to 
the population of native birds, in the hope of increasing fall popu-
lation due to progeny of the released birds. We did not attain this 
objective, as there was no significant difference between the average 
fall population on the stocked and unstacked areas. In fact, the aver-
age population size prior to stocking in the fall was lower on the 
stocked area than on the control area, demonstrating that birds stocked 
in spring did not add significantly to the fall population. We believe 
46
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
38 
that spring stocking caused a reduction in summer recruitment (chick 
production), resulting in a lower average fall population on the stocked 
area. 
Fall releases are made to increase the total fall population and 
thereby increase hunter success. A secondary purpose for increasing fall 
populations by fall stocking is to increase fall population carryover 
into the spring breeding population. Fall stocking did not result in a 
significantly higher prehunting season population on the stocked area 
than on the control area. However, as a probable immediate result of 
increased population pressures produced by fall-released birds, native 
quail are more likely to be lost from the stocked area at a higher rate 
than would occur without fall stocking, being replaced by pen-raised 
birds that survive on the area. As a result, there was actually a 
lower native population (though not significantly lower) on the stocked 
area than on the control area. It seems likely that native quail lost 
through poor production and increased rate of loss from the population 
are replaced by released pen-raised birds that trigger the losses, but 
the mechanics of cause-and-effect remain obscure and the concept is 
hypothetical. 
Birds released in the fall did not contribute significantly to the 
subsequent breeding populations. 
Hunter success was increased by stocking pen-raised quail. A popu-
lation containing 26% pen-raised birds and 74% native birds resulted in 
increased vulnerability of birds to the gun and an increase in hunter 
success. 
Stocking of quail did not significantly increase the availability 
of birds to the hunter. Behavior of released birds may contribute to 
an actual increase in the amount of time spent between covey flushes, 
as was the case on the Linn and Greenwood county areas. 
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Table 1. Number of bobwhite quail on the Linn County study areas 







































a Census made in years 1965-1970. 

















Sc= areas stocked 1964-1966; control 1967-1969. 
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Table 2. Gun hours/bird bagged on the Linn, Greenwood, and Cherokee county areas, 1962-1969. 
Area Tren.tment Year and gun hours/bird bagged Mean 
1962 1963 1964 1965 1966 1967 1968 1969 Gun hours/bird bagged 
Linn Stocked 1.00 0. 77 0.89 1.06 0.90 1.40 1.00 
Control 1.61 2.71 0.76 1.31 1.60 1.21 1.53 
Greenwood Stocked 2.89 1.15 1.25 2.07 1.62 1.84 1.80 
Control 2.09 1.58 1.38 2. 27 1.86 1.46 1.77 
Cherokee Stocked 1.02 1.16 1. 27 1.27 1.36 0. 70 1.13 
Control 0.86 2.40 1.36 2.44 1.71 0. 98 1.62 
Table 3. Party hours/covey flushed on the Linn, Greenwood, and Cherokee county areas, 1962-1969. 
Area Treatment Year and earty hours/covey flushed Mean 
1962 1963 1964 1965 1966 1967 1968 1969 party hours/covey flushed 
Linn Stocked 1.18 0.99 0.91 1.62 0.69 1.05 1.07 
Control 1.09 0.89 0.89 0.91 1.13 0. 91 0.97 
Greenwood Stocked 1.29 1.11 1.39 2.13 1.84 1.60 1.56 
Control 0.92 1.06 1.00 1.41 1.76 ·1.45 1.27 
Cherokee Stocked 1.78 1.15 0. 96 0.96 1.46 1.00 1.13 
Control 1.00 1.00 1.45 1.73 1. 96 0. 75 1.31 
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PANEL SESSION III 
LANDHOLDER - SPORTSMEN RELATIONS: SOLUTIONS FOR A PROBLEM 
Moderator -- John A. Morrison, Leader 
Oklahoma Cooperative Wildlife Research Unit 
THE LANDHOLDER'S VIEWS OF THE PROBLEM: THE OPEN ACRES PROGRAM AS A 
SOLUTION 
The Honorable Henry Bellman, U.S. Senator for Oklahoma 
As the chairman says, I am to talk about the landowners' view of 
the problem and to discuss the Open Acres Program as a solution. I'm 
not going to spend much time on the landowners' view because others can 
present it better. It is true that I'm in a unique position, being a 
landowner, a quail hunter, and also a politician. I feel strongly 
about all 3 viewpoints, and have to admit that there is certainly room 
for a great deal of improvement in all interests. 
One of the problems is that city people and country people just 
don't seem to understand each other very well. A lot of city people 
think you can go out and befriend a farmer in a few minutes, but they 
are wrong. You get to know a farmer the way you get to know the people 
next door, and that is over a period of time and over a series of mu-
tually satisfactory encounters, not by coming in on him 3 or 4 days 
before hunting season believing you will gain immediate acceptance. It 
just isn't done. Now I know that many farmers like to go hunting once 
in a while, but lack a good bird dog. They might enjoy an invitation 
to accompany you and your dogs, so if you want to become friends with 
a farmer, do him a favor and invite him to go along. You'll find most 
of them make pretty good hunting companions. Farmers generally want to 
be good "Joes, 11 but they have had some bitter experiences that make them 
guarded about letting strangers in. 
Any one who gets permission from the landowner to go on his property 
has to recognize that it is for 1 day. When he wants to hunt again he 
must ask again and let the farmer know that he recognizes the farmer's 
rights to his own privacy. 
Now, to get on to the politician's view of the problem .. We get 
tremendous pressure on the government from people who want public hunt-
ing areas. There's great pressure to buy land. The Federal Government 
is spending around 4 or 5 hundred million dollars a year to buy private 
land and turn it into public access areas. Now even though we do spend 
these huge sums we are still far short of providing the total amount of 
land our increasingly urbanized population desires for hunting, hiking, 
camping and other outdoor activities. 
Of course there is, believe it or not, a limit to how much money 
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doing a fair job this year of running up a 38-billion-dollar debt. We 
are spending it just about as fast as we can print it. But there is a 
limit to how far we can go in this business, and so we are writing a 
new farm bill. We put into it this thing called the "Open Acres Pro-
gram." 
I am not going to go into all of its details now, but just sum up 
quickly the theory behind it. We now find that most private lands in 
this country are rapidly being posted. The problem is that if you are 
a private landowner and do not post your land but your neighbors all 
post, then pretty soon your unpasted land is virtually overrun. So you 
are forced to post in self-defense. We hope this bill will encourage 
private landowners not to post but rather to create recreational oppor-
tunities and organize ways to make these opportunities available to the 
urban people who do not have access to public hunting areas. 
I might pay tribute to the fellow who really started this whole idea 
and that is Wendell Bever. You all remember him as former State Wildlife 
Director here in Oklahoma and later as one of the regional directors, or 
coordinators, for the National Wildlife Federation. During the time I 
served as Governor, Wendell came up with the idea that state-owned lands 
in Oklahoma ought to be opened for public hunting. He was thinking of 
the areas that are used for parks in the summertime but generally are 
almost abandoned in the wintertime, yet are not open to the public for 
hunting. Wendell stirred up a real hornet's nest when he tried to open 
up state school land leases; he could not get anywhere. He took the 
position that it was never going to be possible for the state, federal, 
or local government to own as much land as the public needed for outdoor 
recreational uses. The only answer lay in the multiple-use concept which 
in brief says that land can produce both agricultural products, crops 
or livestock, and recreational opportunities. The key to it is to work 
out a system that will encourage the landowners first to produce the game, 
or the fish, or the recreational opportunities, and secondly to permit 
nonrural people to come in and enjoy these benefits. 
So we wrote a farm bill and put into it the Open Acres Program. 
Now you folks who are in the farm business know that it is very tough to 
pass a farm bill. Most of the members of the Congress represent con-
sumers or urban areas. They have a very difficult time going back to 
their constituencies and explaining why the Federal Government spends 
each year some 3 to 4 billion d9llars on a farm program that a lot of 
people believe has the negative effect of keeping food prices high. 
These city dwellers generally would much rather see that money go for 
hospitals, schools, mass transit, or pollution control. It is very 
difficult for congressmen from New York or Los Angeles or Dallas or 
Chicago or other big cities to explain why they cannot provide some of 
the services their cities need, and yet support a 4 billion dollar ap-
propriation for price support and the farm program. Consequently, Con-
gress has put into the farm bill some things that city people like. For 
instance, the school lunch program is in the farm bill. Now farmers 
complain about this because it seems that the cost of that program is 
actually on the farmers, but they get nothing from it. So the Open 
Acres Program was added to the farm bill in the belief that it is 
something both rural and urban people will like. I must say that the 
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bill as written was drawn up here in Oklahoma by a group made up of re-
presentatives from the State Wildlife Conservation Department, U. S. 
Soil Conservation Service, and Agricultural Stabilization and Conser-
vation Office. 
Briefly, here is how the program is supposed to work. We asked the 
USDA to allocate a certain amount of dollars for the Open Acres Program. 
The USDA chose 5 counties in each of 10 states. Each of these counties 
was allocated a portion of the money to be made available to farmers 
who would put their land into the Open Acres Program. Farmers were given 
a period of time to sign up, and from indications here in Oklahoma an 
adequate number of farmers are participating to give the program a 
pretty good test in the 5 counties. 
After the farmers have signed up, the State Wildlife Department 
is supposed to inspect their land and certify its eligibility. They 
have to check to be sure the land has outdoor recreational potentiality. 
Then there is supposed to be Wildlife Department supervision to see that 
the lands are managed as well as possible to produce maximum wildlife 
and outdoor recreational opportunities. The land is supposed to be per-
manently posted with signs saying it is in the Open Acres Program and 
accessible to the public. The farmers are to be paid for opening their 
land to the public. I'm not sure just what the price is going to be. 
In some areas a flat rate will be paid, and in other areas participation 
will be offered at the highest bid to see just what must be paid to get 
farmers to open their land. 
After the program is put into effect, it will be closely monitored 
by the USDA to see how much use is made of the land, how much good the 
people get from the land, and what kind of relationships the farmers 
have with those who come to utilize the outdoor recreational opportuni-
ties being provided. Based upon what happens this year, the program will 
either be expanded or dropped from the new farm bill that we are going 
to write in 1973. 
I am very hopeful that the results this year will be good and that 
farmers who open their land will be treated with the respect that they 
are due. I am hopeful that the people utilizing those open spaces will 
find that the game or the recreational opportunities they are looking 
for are present and that this program can be expanded both for the pur-
pose of paying farmers for this valuable public service and of making 
available to city dwellers outdoor recreational opportunities close to 
where they live. I see this country rapidly moving toward posting of 
most of our private land. Then only urban people with sufficient wealth 
to lease land and people living close to public-owned areas will have 
access to the great outdoors. This will be a great tragedy for our 
country. The Open Acres Program is an opportunity for the farmers to 
increase their income while generating much good will among their city 
cousins and for city people to better understand agriculture and farmers 
as well as to have access to outdoor recreation under a new, vital, and 
very satisfactory arrangement. 
I would like to urge all of you in the room to watch the program 
and to lend a helping hand to insure that it works. 
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Discussion 
Question: Senator what method of controlling hunters will be used on 
these areas? 
Senator Bellmon: The administration will be handled by the State Wild-
life Department. I cannot speak for them, but it is my feeling that 
they will at least keep a record of the harvest and amount of game re-
maining. When the populations go below a safe level then I assume the 
gates will be closed. 
Question: Will they have to restrict the number of people using these 
areas on certain days or will they be open, uncontrolled, to the general 
public? 
Senator Bellmon: The areas, I assume, will be open to the general public 
as long as the game populations will stand the hunting pressure. There 
is nothing in the law that covers this point. 
Question: Do you have some idea as to what fees will be paid to the land 
owner on this? 
Senator Bellmon: As near as I can tell you, and there is nothing offi-
cial about it, it will be somewhere between $1.00 and $3.00 per acre. 
A wheat field could not be used in the program; the land would have to 
afford some recreational opportunities. 
Question: Will access to these farms in the program be limited 
resident hunters living in the vicinity of the selected farms? 
the public be notified about the locations of the farms? 
only to 
Will 
Senator Bellmon: Access is not meant to be limited to the local vicinity 
where the farms are located; it is intended to be available to people no 
matter where they live. I don't know how much advertising has been done; 
I doubt that any has been made because the program only began in January 
and I doubt that the lands will be open until some weeks after. We're 
trying very hard to get USDA to add a person to their staff to administer 
this program. We want someone who knows the wildlife business and who 
will insure that the public is aware of this new opportunity. 
Question: Senator Bellmon, I am Chester McConnell, Tennessee Game and 
Fish Commission. I would like to commend you, your colleagues and the 
A.S.C.S. officials for the efforts being made to create environmental 
improvement programs. The pilot Public Access Program presently being 
tested by the A.S.C.S. will certainly be beneficial but leaves much to 
be desired. The Public Access Program pays landowners to allow hunters 
and other persons to have access on private land but does nothing to 
improve wildlife habitat. In many cases landowners having poor wildlife 
habitat conditions on their land are receiving government funds. If no 
suitable wildlife habitat exist on the land in question, there is no 
need for sportsmen to have access. A good program is needed which will 
pay landowners a just sum for developing wildlife habitat on their land. 
Then, these 2 programs combined, the habitat development and public 
access programs, would be what our country needs. 
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I am presently chairman of the Farm Game Committee of the south-
eastern section of the Wildlife Society which represents 16 states. Our 
committee is attempting to persuade the U. S. Department of Agriculture 
to adopt a more realistic wildlife habitat development program. The 
A.S.C.S. is obligated by law to consider wildlife needs in their Rural 
Environmental Assistance Program (REAP). 
The REAP does have several wildlife practices that cost-shares wild-
life habitat projects with landowners. But, there are several serious 
weaknesses in the program and landowners do not participate in the wild-
life practices very much. The Farm Game Committee has identified the 
weaknesses and brought them to the attention of the U.S.D.A. 
We feel that: 
1. The wildlife habitat practices are having to compete with 
regular farm practices for funds. Landowners normally 
select the other available practices which will help improve 
their income. Wildlife practices are the only practices which 
do not necessarily improve landowners income. Most often 
someone other than the landowner will benefit from the wild-
life practices. 
2. The REAP program should provide 100% payment for wildlife 
practices and special funds should be established which 
could be used for no other purpose. 
3. Wildlife practices should automatically be placed on all 
county REAP programs. 
We do not feel that our requests are unreasonable. 
During 1970 approximately $181 million was paid to landowners in 
cost-share assistance through the REAP. Less than 2% of this sum was 
spent on wildlife practices. The U.S.D.A. also spent approximately 
$4 billion on agricultural crop subsidy programs. Much of this money 
being spent by U.S.D.A. actually encourages destruction of wildlife 
habitat. The least that should be done is for our government to have a 
realistic program to pay those landowners who are willing to devote a 
part of their land to wildlife. We feel this would be a popular program 
with the general public which is presently not receiving much benefit 
from agricultural subsidy programs. In our nation which spends billions 
of dollars for all kinds of programs we certainly should be willing to 
spend a just sum for 1 of our greatest natural resources, our wildlife. 
Will you do what you can to help us get needed improvements in 
existing wildlife programs in the U.S.D.A.? 
Senator Bellman: I would be very happy to look at it. Let me urge you 
to contact your own Senator or Representative and tell him what you have 
just expressed. A lot of people don't grasp the idea of multiple land 
usage and they think that a farming area and a hunting area are some-
thing completely different. I think you could be very helpful in gen-
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say that I have been appalled to find there is not 1 single wildlife 
expert in the USDA. They turned this whole thing over to the Soil Con-
servation Service. I am not complaining about this because I think the 
SCS is a fine service, but they don't have any idea of the ixmnensity of 
this problem. We can't get the USDA to add 1 man to their staff to 
supervise this thing. You folks in this room could help by getting the 
USDA to find these people, and I'd sure appreciate it. 
Question: Do you believe a 1-year test of the program is adequate to 
determine whether to keep it or drop it? 
Senator Bellman: Not adequate. But you see the program is on the books 
for 3 years, and it took about 18 months after we wrote the bill to get 
them to move at all. So we lost last year. We got started in January 
of this year. The farm program we have runs through 1973. We have to 
write another bill before the present 1 runs out so we'll be writing a 
new bill in 1973. I agree with you that this is bad but I hope we will 
keep going another time around. I believe we will, but a lot of the• 
Congress' attutude is going to depend on whether or not people like 
yourselves respond. Letters to your congressmen or senator will help 
keep the thing going. 
Question: Why should the Open Acres Program be necessary when farmers 
are already being paid to set aside 34 million acres from production in 
the Soil Bank Program? Why can't we expect the subsidized soil bank 
acres to be opened to public hunting by the taxpayers paying the subsidy? 
Senator Bellman: May I make just 2 points? First, you mentioned 34 
million acres of farmland withdrawn from production; it's actually 60 
million. The Federal Government is keeping 60 million acres of farmland 
out of production this year because we don't need the crops, and it is 
costing about 4 billion dollars to do this. Second, under the Soil Bank 
Program these long-term contracts, as you may or may not know, almost 
put a large part of the country out of business because there are areas 
where agriculture is so marginal that farmers went into the set-aside 
program en masse, and the feed dealers and the fertilizer dealers and 
nearly everybody lost customers. That program would be very hard to 
get approved by Congress again. So I don't think there are going to be 
any wide-scale, long-term, set-aside land programs in the future. 
In the Open Acres Program there is a provision whereby we're going 
to get involved in something similar to set-aside lands although we pro-
bably shouldn't. For instance, on my farm I am required to have 243 
acres set aside. Under the terms of the Open Acres Program I would be 
paid to put 24 acres, that is 10% of my present set aside, into per-
manent wildlife cover. At the present time the farmer cannot put land 
in the set aside if it qualifies as crop land. If it is grown up in 
brush or scrub the ASCS people will come out and say that is not farm 
land, so plow it under and clear it up. They are working against wild-
life management. This bill gives the farmer and landowner the right to 
put 10% of the present set aside into wildlife habitat and still get 
federal support. I don't think from the farmer's viewpoint that you'll 
ever get them to agree to leaving land out of cultivation for 3 years, 
55
Morrison and Lewis: Full Issue
47 
because it is not good farm business to summer fallow land that long. 
In my case for instance, we'll put 100 acres of land in set aside this 
year; next year that will be our best wheat. It will probably make 10 
bushels more an acre than it did before summer fallow. So I think from 
the agricultural standpoint we won't get away from the present program 
of using different land for set aside year after year unless we allow 
brushland to qualify as set aside. That and encourage farmers to plant 
cover for wildlife. 
Mr. Chairman, if I could just say one thing more. It seems to me 
every state's situation is different: Iowa's situation is different; 
Tennessee's is different; Oklahoma's is different. There is no way 
Congress can write a program to fit the whole country. It seems to me 
the thing we ought to do is to stand on the authority that is in the law 
and on the finances that are available. We've got to sell the USDA on 
the idea that this land has a use beyond agricultural use, that the 
greatest outdoor recreational opportunities in this country are on pri-
vate agricultural land. The USDA needs to concern itself with the way 
this resource is developed and utilized, and until we get them to see 
this we are not going to get anywhere. Congress can pass laws until we 
are voted out of office. Unless the Department of Agriculture's ad-
ministrators add people in your state, my state, and Washington, D. C. 
who understand what we're trying to do, we are not going to get very far. 
You folks in this room can help us very much if you will just sell the 
USDA on the idea that here is a tremendous resource and it is up to 
them to see that it is better developed and utilized. Let's get a wild-
life person on each state ASCS committee and in the USDA office. 
PENNSYLVANIA'S PROGRAM TO IMPROVE LANDHOLDER - SPORTSMEN RELATIONS 
Harvey A. Roberts, Pennsylvania Game Commission, Harrisburg 
Probably the best place to start would be with a very brief thumb-
nail sketch of Pennsylvania for those of you who have never been there 
or have gone through it very hurriedly. The state is roughly rectan-
gular in shape and consists of 45,000 square miles. That makes it about 
33rd in size among the 50 states, and we have a human population of 11.5 
million people. That makes us 3rd in the nation. So you can see we 
have people and land problems. One-half of Pennsylvania is forested, 
and the state is bisected in a northeast-southwest direction by the 
Appalachian and Alleghany Mountains. Probably we have 1 of the most 
heavily hunted pieces of real estate in any part of the country. An 
example of some of the hunting pressure we get is on our primary pheasant 
range where we have had ongoing studies for a number of years. On a 
3,000-acre area, we averaged 220 man hours of hunting each day during the 25-day 
season. We sell in excess of a million resident hunting licenses and we sell 
approximately 100,000 nonresident licenses. In both categories we lead the nation. 
Historically, Pennsylvania hunters and landowners have never been 
too prone to erect or abide by no-trespass signs. Even by today's stan-
dards the Pennsylvania hunter does not hold a no-trespass sign in quite 
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Despite this fact, back in the early 1930's it became rather evident to 
the people in the Pennsylvania Game Commission that more and more land 
was being posted and a conflict between the hunter and the landowner was 
developing. I think a lot of this conflict took the form of frustration 
on the part of the landowner due to disrespect for privately erected no-
trespass signs. The Game Commission realized that the sport of hunting 
small game on agricultural lands depends on safeguarding the rights of 
the farmer to a peaceful existence and certainly to protection of his 
property, crops, and livestock. The Commission devised a plan that ex-
perience has shown to be of benefit to both the landowner and the sports-
man. Inaugurated in 1936 and known as the Cooperative Farm Game Program, 
this method of keeping privately owned land open to public hunting cur-
rently involves 2 million acres of farm land and 16,528 individual land-
owners. The program consists of 172 projects ranging in size from a 
minimum of a 1,000 acres to a maximum of about 30,000 acres. These pro-
jects are found in 57 of Pennsylvania's 67 counties. Under the provisions 
of our game laws, and rules and regulations as developed by our Commis-
sion, we can govern the administration and the management of these pro-
ject areas. 
A project area consists of a group of farms and accompanying wood-
lots that are suitable for the propagation of game and for public hunt-
ing. These farms have to be contiguous so that we get a large unit with 
very few noncooperators scattered through it. To become a cooperator, 
the owner institutes an initial agreement with the Pennsylvania Game 
Commission for a period of 5 years. After the 5-year period the agree-
ment automatically renews itself on an annual basis. However, either 
party can terminate the agreement with 60-days written notice. The Com-
mission has cancelled agreements when farms became unsuitable for hunt-
ing due to urban sprawl or other reason~ or the cooperator has sold his 
land. Some farmer-cooperators became disenchanted with sportsmen or 
with the Game Commission and terminated after the 60-day written notice. 
I think the thing that finally made Christians out of a lot of our 
sportsmen is the fact that they do respect Game Corrnnission signs. So, 
part of our service to the landowner cooperating with us in this pro-
gram is to erect safety-zone signs and various other signs that protect 
his property. In Pennsylvania it is illegal to hunt within 150 yards 
of an occupied dwelling or adjacent farm buildings without specific 
written permission from the owner. So each fall, prior to the hunting 
season, our personnel erect our safety zone signs around each coopera-
tor's home. They take them down after the hunting season ends. I 
won't take time know to show you all of our signs, but here is another. 
put up by our people for the farmers wanting hunters to stay out of un-
harvested cornfields. These signs, backed up by a good law enforcement 
program, have the attention of the sportsmen and we have pretty good 
compliance. 
In our projects, we try to prevent setting aside more than 0.33 of 
a project area as a safety zone or refuge. In other words, 0.66 of each 
project area is open to the hunting public. The landowner retains the 
right to hunt without a hunting license on his own property and on the 
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Pennsylvania has quite a number of farmboy 
sign it warns people not to trap on this 
We still do some game stocking in Pennsylvania. I won't pursue 
that right now, but with approval of the landowner our Pennsylvania Game 
Corrunission does give preferential treatment to our Farm Game Project. 
This has a public relations value; I know a lot of our farmers like to 
see Commission trucks go by with a few crates of pheasants to put out. 
So there are a number of benefits to our cooperators in our Farm Game 
Program. I'll just run through them briefly here: protection of life 
and property through patrolling and enforcement by our Game Protectors 
and Deputy Game Protector force; posting of signs; free subscription to 
our Conservation magazine; advice from our area land managers on manage-
ment practices beneficial to wildlife; free tree and shrub seedlings 
that produce wildlife breeding cover; and, as our budget permits, we 
also cut woodland borders and hedgerows to remove shade from cropland 
and to create irrunediate and long-lasting cover for wildlife in these 
farm areas. Our administrative costs in this particular program run 
about 25¢ an acre. 
I think the key to our whole program is that our semiskilled la-
borers, the people we call our food and cover force, are born and raised 
in these project areas. They are farmers themselves. They are grass-
roots contacts with our cooperators, and I think that if togetherness 
is beneficial, this is just what makes this program work. 
We have several themes and variations of this program that I will 
touch on. One we call our Safety Zone Program. You will recall I men-
tioned in our Cooperative Farm Game Project that we wanted contiguous 
farms. We have had a lot of people who wanted to get into the coopera-
tive program and for one reason or another they couldn't get in; either 
we didn't have the money to expand the program or they had neighbors who 
didn't want to cooperate. So we set up the Safety Zone Program which in 
many ways is a scaled-down version of the cooperative program I just 
described. To date we have Safety Zone farms in 66 of our 67 counties, 
involving almost 14,000 different tracts of land. This has opened 3 
million acres of additional land to public hunting. About the only 
thing we provide to people in our Safety Zone Program are Safety Zone 
signs which they erect themselves. We do give areas in our Safety Zone 
Program more law enforcement patrol than we do areas that are posted 
against hunting. We figure the administrative costs on our second pro-
gram are about 10¢ an acre. 
The newest program was started in 1971 and is called the Forest 
Wildlife Cooperative Program. Again, this is a version of the Coopera-
tive Farm Game Program. It is designed to keep forest land open to 
public hunting. The program originated because many forest owners com-
plained about the total disregard for their property by the hunting 
public. Running automobiles on their access roads when freezing and 
thawing conditions exist created maintenance problems for these large 
concerns. Consequently, we set up the program for forest owners. In-
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to this time some of the large forest industries decided it might be 
wise to lease hunting rights to small groups of hunters and close their 
lands to public hunting. They really defeated their main purpose because 
the deer herd was underharvested. This had an impact on the forest re-
production that was bread and butter to the big companies. Excessive 
deer browsed too heavily on forest regeneration. The forest industries 
soon became disenchanted with that approach and signed up in our program. 
We provided some special signs and special patrols for these co-
operators and in the process opened up 0.5 million acres of forest land 
that was not previously open to the public. 
Now I'm certainly not in the position to prescribe any of Pennsyl-
vania's programs as a panacea for all states represented here. I think 
the fact remains that we in Pennsylvania have been quite successful with 
it, and I believe it is certainly worth a try anywhere. One of the many 
pleasures that came out of my trip here was to find that Oklahoma has 
started a program similar to ours, and at this time has about 300,000 
acres in its program. 
Discussion: 
Question: What about access; is it on a first come, first served basis? 
Mr. Roberts: We do not control hunting pressure on these areas and I 
think as time goes by this will be a problem. In a sense, it is some-
what self-regulating because after X number of hunters are afield in 
a given area it no longer becomes attractive for additional hunters. 
When latecomers see a concentration of hunters they move on somewhere 
else. So at least to a degree it does regulate itself. The present 
level of self-regulation is tolerable in Pennsylvania, but in other parts 
of the country it may be intolerable, I can't say. 
Question: Does this program prevent the land owner from leasing out 
hunting at all; can he charge for hunting on his property? 
Mr. Roberts: No, absolutely not. As soon as he puts up his first no-
trespassing sign, he ii out of the program. 
Question: Do you have any type of program in Pennsylvania for people 
who want to lease their hunting? 
Mr. Roberts: The only people we are working with directly are regulated 
shooting ground operators. As far as going out and encouraging people to 
get into a hunting and lease program, this is kind of self-defeating, I 
think, and we ignore these people. 
Question: You don't feel there are any possibilities between those 2 
extremes? 
Mr. Roberts: Apparently there is. Senator 
program that is similar to a pilot study we 
that scares us to death, to tell the truth. 
Bellmon just spoke of a 
have going in Pennsylvania 
When it comes right down 
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to it we're getting som2thing here for nothing. Now the Federal Govern-
ment is coming in and they are going to pay people for the same thing 
that we used to get for nothing. I don't know where we're going to go. 
Question: If the landowner feels that game is over harvested, what can 
he do about it? 
Mr. Roberts: We have no control over this. Despite heavy hunting pres-
sure in small areas, we have no situations over large areas where we 
don't have enough brood stock escape to give us a crop the next year. 
For example, we're killing over a million pheasants in Pennsylvania 
each year. We do raise and release pheasants in Pennsylvania, but we 
purposely put these birds in areas of 3rd- and 4th-class range, where 
they don't survive anyhow, and we hope they are all harvested. 
Question: How many law enforcement people patrol the cooperative areas? 
Mr. Roberts: In addition to our game protector force of 150 full-time 
employees, we have a force about 1,500 deputy game protectors. Many of 
these are farm game managers or day laborers on our food and cover for-
ests, so they serve a dual function. They are not only in close con-
tact with our cooperators, but they are also authorized to make arrests. 
Question: You said the contract period was for 5 years; after that what 
is the dropout rate? 
Mr. Roberts: I don't recall the figures now. We have a very high re-
tention rate, and this is a self-defense mechanism on the part of a lot 
of landowners. They are going to go to the outfit that can give them 
the most muscle to cope with the sportsmen. 
Question: Is there a predetermined fine on each violation, and who gets 
the fine money? 
Mr. Roberts: Oh, yes, our people are allowed to settle these cases on 
what we call a Field Acknowledgement of Guilt; it's just like getting a 
parking ticket. This serves 2 purposes: it doesn't delay the hunter; 
he is free to hunt after he has paid the fine, and it doesn't take a 
lot of his day's hunt looking for the nearest magistrate. It expedites 
matters all the way around. The next question is how much of this money 
goes into the Game Protectors' pockets? It doesn't work that way. The 
person being arrested gets a numbered receipt, the Game Protector has a 
stub from it, and that goes into Harrisburg. Everything is closely 
accounted for. 
Question: Do you have any companion programs, or any plans for 1, to 
work with your cooperators in improving habitat and if so how successful 
is it? 
Mr. Roberts: Yes, with limited success because we lack the funds and 
manpower to implement this sort of thing. But we produce in our nursery 
about 5 million tree and brush seedlings annually to create wildlife food 
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THE SPORTSMEN'S HOPES FOR THE FUTURE OF HUNTING ON PRIVATE LAND 
Robert E. Apple, National Wildlife Federation, Dardanelle, Arkansas 
First of all I think we have to realize that the farming situation 
has changed in the last few years. This is a quail symposium, and that 
poses some special problems about hunting on private land. I think 
there are some kinds of hunting for which we can provide a fair-to-mid-
ling type of hunting on private lands, but quail hunting poses another 
problem altogether because it requires quite a few acres to provide 
ample territory to hunt in. For that reason I think the Open Acres Pro-
gram described by Senator Bellmon, also called REAP, is not going to be 
as helpful as we hope it will. 
Most of the farming operations today, and I happen to be a farmer, 
have changed considerably in size. We no longer have the little family-
type farms. Small farms supported the quail populations we had 30 years 
ago. People farming today are using 4- to 6-row equipment. There are 
very few fence rows left, and that little brush patch that used to 
exist for quail is no longer there. There are still some places on 
farms suitable for quail nesting and occasional dusting, but they are 
not as plentiful as they used to be. 
Paying a farmer $3 an acre to put his land into various types of 
practices, such as planting certain types of crops to enhance the game 
population, is a drop in the bucket. In the first place farmers are 
fairly affluent people and I think they are going to consider carefully 
before they open their land. If the program is going to work they may 
carry it on; bui if they do, they are going to hunt over the place them-
selves. They can lease hunting rights to people from the city and pro-
bably get a lot more out of it than $3 an acre. So I don't think this 
is going to solve the problem of public access to private land. I don't 
know that anything else can solve the problem, but I sure don't think 
that REAP will. 
We read about some of the problems that bring about the no-hunting 
signs and the no-trespassing signs, but I don't think I should pass the 
opportunity to say that 1 of the biggest things hurting us today is the 
bad hunter. I constantly read in the magazines like Field and Stream 
and Outdoor Life, and various other publications of this type, that the 
type of hunter I am going to describe is in the minority, perhaps rep-
resenting less than 5% of all the hunters who go on the land. I think 
that figure is much too small. I'm talking about the so-called slob 
hunter. He does everything in the book that he shouldn't do and anta-
gonizes the landowner. Then some poor unsuspecting soul comes along 
and asks the farmer to hunt. He is in trouble to begin with because 
of what the slob caused. I think that the number of slobs has increased; 
it must have, because the population has increased. 
Back to quail hunting, I don't know if there is any answer to this 
thing, but I think first of all there are some current programs that 
offer more solutions than the REAP program. In Arkansas we have several 
opportunities. For instance, in the western-most part of the state 
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land, and it is used periodically by the National Guard to train during 
the summer. For the most part, during the hunting season there are no 
people on this land other than a small force to maintain the buildings. 
The reservation could provide some recreational opportunities for a 
large number of people. 
There are several problems with this situation. First of all there 
is a long-time cattle lease. The cattle are competing with the wildlife 
for available feed, especially with the deer. Cattle are grazing every-
thing down to the ground. Some of the range is pretty well eroded and 
deteriorated. But we do have an agreement with this installation signed, 
I believe, by the Governor of Arkansas and the Department of Defense. It 
is hard to have a program for wildlife there because of the cattle. The 
problem is to get the agreement worded to guarantee enforcement of grazing 
restrictions and provide enough habitat. Then I think public hunting 
would be much better. We have spent 3-4 years trying to do this, and we 
still haven't been successful. I think you have sane opportunities like 
that here and in other states. 
This is, of course, public land. I would also like to point out 
something else. I am sure that some of you are familiar with the Alabama 
trespass law. If you are going to hunt on someone else's land in Alabama, 
you have to have a signed piece of paper in your pocket saying you have 
permission to hunt. If you don't have, the owner can turn you in and you 
are in deep trouble. As a result, a great deal of the land in Alabama, 
I guess the majority of it, is leased to people that want 5 or 6 thousand 
acres. That excludes the public from the land. I think the acreage 
under lease agreement is increasing. 
At 1 time in Arkansas, a bill was introduced in the Legislature to 
impose Alabama's type of trespass law in Arkansas and make the Game and 
Fish Department enforce it. Game officers would have to spend more than 
0.5 of their time enforcing no-trespass laws. This really disturbed 
folks in Arkansas. This could happen, and it could happen as a result 
of sportsmen simply not using good sense. I think that sportsmen could 
do much to help eliminate some of these feelings, and I'll give you an 
example. As a farmer, I know that on opening day of bird season I've 
got some territory that is real good, and when you people talked about 
2 birds per acre, my mouth watered. There is a limited amount of this 
habitat where I live that will support that. The reason it will is that 
the Arkansas River got on a rampage back in 1943 and broke over a levy 
and dumped sand over some of this land that used to grow 2 or 3 bales of 
cotton per acre. It won't grow 3 bales of cotton an acre anymore, but 
it does produce much of what we call beggar lice or tick clover. The 
area has a lot of weeds, partridge peas, and cottonwoods, and the birds 
can find cover. You can hardly Kill them out. 
To get back to my story, on the first day of bird season I could 
almost get elected Governor, I think, just by inviting in people that 
like to hunt on this kind of area. Initially it was that way, but it's 
not any more. I don't post the area, and on the first day of bird 
season I usually get up and drive down there before daylight and park 
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you are going to be hunting behind some other folks if you don't. They 
don't come ask you-if they can hunt, they are there waiting. So this 
year I went through the same routine. I got there before daylight and 
was sitting there waiting and heard folks start shooting. I have no 
idea how they could see a bird, because it was dark! Now this isn't 
going to help any and we all know it. So I think if hunters want to 
hunt on private land they should go see the farmer before the opening 
day. 
One of my duties as a private citizen is serving on the local school 
board. As a board member one of the responsibilities you have to assume 
is looking at the tax records from time to time to see that every 1 is 
paying his share of the ad valorem taxes that support the public schools. 
While I was checking these records with another school board member, we 
found 175 acres of untaxed land that had been set aside for hunting by 
a farmer. We went back and got the old plats of that area and found 
that it had been listed as a navigable lake. In Arkansas, areas such as 
this become public land if no taxes have been paid on them. So we checked 
a little further and went to the State Land Commissioner and found out 
that part of it belonged to the state and part of it to the Federal Govern-
ment. The Land Commissioner happened to be quite a hunter himself and was 
sympathetic with us. We contacted the Attorney General and asked him to 
give us an opinion as to whom the land really belonged, and what the pos-
sibilities were of turning this land over to a suitable state agency to 
administer. 
We've gotten a sort of off-the-cuff favorable decision. It hasn't 
been written up yet, but it will be. In looking at this particular case 
we can look around and find thousands of similar areas in the State of 
Arkansas that are in the same type of situation. They are public lands 
and there should be public access to them. I think that by researching 
the records we can find a lot of land that can be opened up to public 
access. I assure you that we are going to do a much better job of re-
searching records in Arkansas. 
I don't know what the answers are. In our state the attitudes differ 
greatly from the northern part to the southern part. Some people in the 
southeast and northeast know that hunters can provide extra income. This 
philosophy has not yet reached the northernmost counties. I think their 
attitudes will change in the near future, and they will realize that 
there is money to be made from hunters. So for our own good, I think it 
behooves us to do a little bit better job of public relations with the 
landowner, and help him feel hospitable to hunters. 
Comments from Members of the Audience 
1. All my life I have preached that wildlife is a crop and a farmer 
should sell wildlife just as well as he sells his hay crop, cattle 
crop, or any other crop. Because conditions in the U.S. today are 
such that land values, taxes, and everything are increasing, the 
farmer has to take advantage of everything that he has at his dis-
posal to be able to stay in business. Wildlife is a crop for us, 
and when you compare the money we get, we also raise purebred cattle, 
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we can make a heck of a lot more money in our wildlife program than 
we ever can from cattle. It is much more enjoyable because I like 
to do it. 
2. Here's another idea on this idea that a farmer has a social obliga-
tion to open his land to everybody else. Let's forget it, because 
the farmer is subsidizing you. I've been in the cow business for 30 
years and got out of it because I was selling cows for the same price 
3 years ago that I was selling for 25 years ago. I can prove that 
since 1847 the price of corn per bushel has not varied more than 
10-12%. The American city person today is paying less of his earning 
capacity for food than does a person in any other country. This is 
a matter of record, but somehow the idea has developed that farmers 
get rich. Another viewpoint is that farmers should furnish wildlife 
to hunters simply for the asking. Our problem here goes back to the 
original premise that in a pioneer country a man could put his gun 
on his shoulder and go anywhere because the game belongs to the 
people. Migratory game does, but when the landowner determines by 
his habitat management whether there is game or not, then the situa-
tion changes. 
3. I'm from Oklahoma and there are a few of us who are trying to open 
our property to leased hunting. I've opened my property to quail 
hunting about 3 years now. I have a group of construction workers 
from Oklahoma City that pay for a hunting lease so that they don't 
have to hunt after someone else. I also lease to professional people. 
To me this proves that there is a place in this whole scheme for all 
of these programs you are talking about. To me I see no reason why 
there can't be a place for people to pay an in-between price if they 
can't afford to pay the big price. One thing I can't understand is 
the reluctance on the part of the Wildlife Department to encourage 
all phases of these. I don't see that 1 necessarily has to work 
against the other. For various reasons, there is going to be the 
man who has such small property or poorly arranged property he can't 
develop it for good-paying agriculture. At little expense to the 
Wildlife Department they could lease these for public hunting, open 
up an additional acreage that we evidently need for quail and other 
game, and thereby relieve pressure on public hunting areas. I can't 
see where 1 program necessarily works against the other. 
NOTE: Most of the questions and answers after Mr. Apple's presen-
tation were too indistinctly recorded by the tape recorder to be 
transcribed accurately. 
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MANAGING BOBWHITES IN THE CUTOVER PINElANDS OF SOUTH FLORIDA 
William H. Moore, USDA Forest Service, Southeastern Forest Experiment 
Station, Forest Resources Laboratory, Lehigh Acres, Florida 
Abstract: 
Because the principles governing production of quail are similar 
throughout its range, only problems and techniques unique to the flat-
woods of southwest Florida are discussed. A description of these pine-
lands includes geology and soils, climate and key plant communities. 
The Florida bobwhite and its foods and other needs are discussed briefly. 
A major portion of the text is concerned with the effects of primary 
land uses on quail habitat, and management modifications to improve 
quail production. 
The bobwhite quail (Colinus virginianus L. ) is unquestionably the 
most popular game species in the pinelands of the southeastern United 
States. As a result of research begun some 50 years ago, management 
techniques are probably more highly developed for this bird than for any 
other species--we know how to manage for sustained, huntable populations. 
Although problems and techniques of management discussed in this paper 
relate specifically to the flatwoods region of southwest Florida, the 
principles for increasing quail are similar throughout this bird's range. 
The Flatwoods 
Topographically, flatwoods are relatively flat, low pinelands of 
imperfectly to poorly drained acid soils. They are young soils of 
marine origin atop relatively impervious deposits of marl, limestone, 
and calcareous sandstones (1). 
The climate is subtropical--more maritime than continental. The 
weather is characterized by mild year-round temperatures and marked by 
seasonal differences in rainfall. For example, nearly 0.75 of the 
annual precipitation of 53 inches in the Fort Myers area falls between 
May 15 and October 15 .. When the rainy season ends, moisture is lost 
rapidly, primarily through evapotranspiration. A dry winter culminates 
with a distinct and often severe drought in April and early May. 
Ecologically, the flatwoods are characterized by open stands of 
longleaf pine (Pinus palustris Mill.) and south Florida slash pine 
(Pinus elliottii var. densa Little & Dorman) growing in association with 
saw-palmetto (Serenoa repens (Bartr.) Small) and pineland threeawn 
(Aristida stricta Michx.). A high summer rainfall coupled with very 
slight differences in local elevation and poor drainage, has caused the 
development of numerous small wet prairies and freshwater marshes as 
well as several other minor plant communities (1). 
The pine-palmetto community covers about 75% of the land area. Saw-
palmetto covers 20% or more of the area. A number of other shrubs occur--
most are evergreen. Pineland threeawn the common "wiregrass, 11 is the 
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dominan~ herb but numerous other grasses, grasslikes, and forbs are 
found. Legumes are scarce. 
Wet prairies are short-grass meadows in a seasonally flooded eco-
tone between the pinelands and freshwater marshes, and are locally called 
"sloughs." They frequently form drainageways connecting freshwater 
marshes and typically occupy 10-15% of the area. Common species are pine-
land threeawn, panicums (Panicum spp.), beakrushes (Rhynchospora spp.), 
and razorsedges (Scleria spp.). 
Freshwater marshes, or "ponds" as they are locally called, occupy 
an additional 10-15% of the area. These treeless hydric communities are 
dispersed along natural drainageways (sloughs). Most are somewhat cir-
cular depressions often with centers of pickerelweed (Pontederia lanceolata 
Nutt.), arrowhead (Sagittaria lancifolia L. ), fire flag (Thalia geniculata 
L.), or sawgrass (Mariscus jamaicensis (Crantz) Britton). Water usually 
stands in the deeper centers year-round, but many shallow "sand" ponds 
dry up during the spring. Freshwater marshes are of little value to quail 
except during the dry spring when green vegetation is available. 
The Florida Bobwhite 
The Florida bobwhite quail (Colinus virginianus floridanus Coues) 
is slightly smaller and darker than the typical eastern bobwhite (f. v. 
virginianus L.). The Florida subspecies averages about 5 oz (12) as 
compared with 6 oz for the eastern subspecies. 
The Florida bobwhite occurs throughout southern Florida and north-
ward about 0.75 up the peninsula. To the north there is considerable 
overlap with the eastern subspecies (12). 
Frye (2) noted that breeding activity starts early in south Florida 
with some pairing off as soon as February; breeding may extend into 
October. Nesting usually peaks in May and June but will vary depending 
upon weather. 
Frye (2) found reproductive success to be inversely related to sum-
mer rainfall. As noted previously, summer is the rainy season in south 
Florida and a dry summer rarely occurs. Rainfall will average about 
8.5 inches per month during this period. Sudden downpours are common. 
Fall populations in Charlotte County ranged from 1 bird per 63 
acres to 1 bird to nearly 6 acres over a 7-year period, an average of 1 
bird per 23 acres (2). 
Because the vegetation of the flatwoods is quite different from that 
occurring elsewhere in the bobwhite range, foods available and taken by 
quail can also be expected to be different. Laessle and Frye (8) found 
that annual razorsedge (Scleria muhlenbergii Steud.), commonly called 
"sloughgrass," constituted about 27% of the diet. Achenes of slough-
grass and the fruits of dwarf waxmyrtle (Myrica pusilla Raf.) together 
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Puffball fungus and green plant material are also important items 
during the winter. Insects and seeds of many weeds and grasses make up 
the summer diet. Various masts and fruits are utilized during late 
summer and fall as available. 
For all practical purposes, food and cover are the habitat essen-
tials subject to management. On most quail ranges in the South, winter 
foods and nesting cover give managers the most trouble (2, 13, 15). These 
seem to be the primary problems in south Florida as well. 
Management 
Since Ponce de Leon brought the first cattle to this country in 
1521, the pinelands of south Florida have been extensively grazed and 
for years a low level of range management was practiced. The woods were 
burned as frequently as possible to control shrubs, remove the herba-
ceous "rough," and II freshen" forage (14). During the 1940 1 s the pine-
lands were heavily cut over, and shallow canals connecting ponds and 
sloughs were dug to enhance surface drainage. 
Although most grazing still depends on native range, improved 
pastures are rapidly increasing in importance, but intensive forestry is 
not yet a widespread practice. Other agricultural enterprises such as 
citrus and vegetable production have invaded the region and are on the 
increase. Extensive urbanization has accompanied phenomenal human popu-
lation increases during recent years and is expected to continue. 
Extensive forestry and ranching operations over much of the present 
quail range stand to be overwhelmed by intensive agriculture, land specu-
lation, and urbanization. These latter uses drastically alter the land's 
natural features, and quail habitat is degraded or destroyed. Managers 
in the future will face the increasing difficulties of integrating habitat 
essentials within landscapes managed primarily for other uses. 
Cattle Ranges 
Grazing 
Range specialists recommend rotational grazing to increase effi-
ciency of forage use and to improve vigor of important range plants (6); 
however, continuous year-long grazing is still commonly practiced. 
Cattlemen normally burn the range in alternate years and subsequently 
practice rotational grazing whether planned or not. Cattle utilize 
freshly burned range while 1-year-old roughs receive comparatively light 
use. According to Frye (2), this rotational burning-grazing system 
improves quail habitat. 
Wiregrass, the principal herbaceous cover, quickly becomes impene-
trable roughs for quail if not constantly kept open. Frye (2) noticed 
that moderately heavy grazing reduces this mechanical barrier by break-
ing up and thinning out ground vegetation. Grazing and trampling tend 
to be spotty or uneven and create a more diverse ground cover that is 
preferred by quail. 
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In many sections of the Southeast, grazing even at moderate levels 
is considered detrimental because cattle consume important quail food 
(11, 15, 16). With the exception of sloughgrass and several panic gras-
ses, however, quail food plants are generally not a part of the cattle 
diet in these pinelands. The occasional heavy use of these species by 
cattle does not appear to be detrimental. In fact, Frye (2) found thick 
stands of sloughgrass benefited when moderately grazed. Removal of some 
plants allowed for greater crown development which resulted in a greater 
seed crop. 
Where grazing is permitted, Stoddard (15) noted that quail tend to 
select nesting spots protected by briers, pine saplings, or other shrubby 
growth. Of 2 dozen or so nests observed locally over the last few years, 
all were located under the protective canopy of shrubby growth, usually 
saw-palmetto or dwarf waxmyrtle. In view of this, nesting-cover manage-
ment on cattle ranges should include small clumps of low shrubs. 
Quail habitat benefits when rotational grazing programs properly 
combine improved pasture with native range. When fall-burned native 
range is grazed throughout the winter and spring, perennial vegetation 
is thinned out. Then, while cattle graze improved pasture during the 
summer and fall, food-producing annuals will develop and nesting activity 
can proceed unmolested. 
A major concern, however, is the tendency of landowners to establish 
large, rectangular improved pastures completely cleared of saw-palmetto 
and other brushy cover. They are typically planted to improved grasses 
such as bahiagrass (Paspalum notatum Flugge) or pangolagrass (Digitaria 
decumbens Stent.) and then closely grazed. These pastures are of little 
benefit to quail. 
When quail management is a consideration, pastures should be small 
and narrow, containing a few mast-producing trees as well as scattered 
brushy cover (15). Frye (2) recommends strips of pasture 50 to 100 yards 
wide alternating with similar widths of natural vegetation. Clumps of 
saw-palmetto or islands of other undisturbed shrubby vegetation scat-
tered throughout these strips provide additional refuge and protective 
nesting cover. Stoddard (15) suggested that such a pasture configura-
tion might greatly benefit quail when placed in extensive roughs dif-
ficult to maintain by burning or grazing and in young pine plantations 
where fire is temporarily excluded. 
Burning 
The flatwoods consist of fire-dependent communities of highly flam-
mable species. Burning, therefore, has only a temporary effect. Fire 
consumes dead plant material and thins out the perennial fire subclimax 
vegetation by reducing plant size. Annual plants are stimulated the 
first year. The resulting vegetation is open and in good condition for 
quail to feed. One fire-free year is normally required for a burn to 
fully recover. 
Frye (2) found sloughgrass production greatly improved on winter-
burned areas as compared with similar adjacent unburned sites. My 
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trials underway near Fort Myers are providing substantiating information. 
Although burning 2-year roughs and applications of rock phosphate did 
not increase plant numbers, increases in plant size resulted in improved 
production of sloughgrass achenes as compared with 2-year-old roughs. 
Burning alone produced twice as many achenes (2.5 lb/acre) and the addi-
tion of rock phosphate (1 ton/acre) 7 times as many (7.3 lb/acre). 
Frye (2) found time of burning important. Burning in the fall and 
early winter while the soil was still moist and the vegetation green 
provided spotty, incomplete burns creating diversity and "edge." Early 
burning also favored sloughgrass production, but spring burning consumed 
many seeds of value to quail. Burning after February becomes hazardous 
and difficult to control. Hot sweeping fires result when both soil and 
vegetation are dry. Large areas may be completely cleaned and rendered 
temporarily unusable. Moist areas subject to flooding may be the only 
places to escape burning, and quail are attracted there to nest (15). 
Frye (2) concluded that early burning appeared beneficial to cattle 
by producing several months of slow-growing, tender forage while spring 
burns produced rapid growth that tended to "get ahead" of the cows and 
become tough and unpalatable quickly. However, as reported by Hilman 
and Hughes (5) some ranges are burned progressively from October through 
the winter to as late as May to extend the period when nutritious forage 
is available for cattle. Ranges burned in March or May produce 2 to 4 
times as much herbage in the 60 days after fire as ranges burned in 
October or November (9). In a well-managed cow and calf operation, 
therefore, the breeding season is planned to provide calves that are 
large enough to consume the considerable quantities of herbage when 
forage quality is highest in the spring and summer (7). 
In summary, fall and winter burning appears to be compatible with 
optimum production of quail on ranges grazed yearlong by cattle. About 
0.33 to 0.5 of the range should be burned each year, but burning should 
not be done after nesting begins in March. 
Discing 
Discing is widely used by game managers to control unwanted peren-
nials and to stimulate seed-producing annuals. In south Florida, disc-
ing more or less destroys the dominant wiregrass cover. Sloughgrass 
and other annuals respond vigorously the first year (2) but are rapidly 
replaced by bluestems (Andropogon spp.), panicums, goobergrass (Amphi-
carpum muhlenbergianum (Schult.) Hitchc.), and other species, most of 
which are palatable to cattle. 
In my study near Fort Myers, discing failed to benefit sloughgrass 
plant numbers but did increase plant size and seed crop of sloughgrass. 
Discing 2-year-old roughs produced 6 times as many seeds (6.2 lb/acre) 
while the addition of fertilizer to disced strips increased the yield 
40 times over that on 2-year-old roughs (41.4 lb/acre). On these sites, 
however, cattle concentrate, overgraze, and destroy most of the vege-
tation beneficial to quail. Moreover, when rock phosphate is added, 
the vegetation is so closely grazed it provides low-maintenance fire-
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cattle ranges unless protected from grazing. 
Seeded strips or food patches have not been successful. Many cul-
tivated legumes and grains have been tried (2) but none survived the 
poorly drained soils and extreme weather conditions. 
Chopping 
Chopping refers to a method of controlling unwanted vegetation to 
improve cattle grazing or to prepare planting sites for pine. Treated 
areas are "cross-chopped" at right angles with heavy drum choppers. The 
sod is cut into 1-ft squares resulting in considerable surface soil 
disturbance, but the sod is not turned as with discing. Saw-palmetto 
and wiregrass cover is reduced considerably, often as much as 90% (10). 
However, annuals do not respond as vigorously as when disced, and sites 
revert more quickly to a perennial vegetation valuable as cattle forage. 
Treated areas are frequently too large and shrubby cover too sparse for 
ideal quail habitat. 
When chopping is employed as a grazing improvement practice, areas 
treated should be small to benefit quail. If done in alternating strips 
as recommended by Frye (2) and Stoddard (15) for improved pastures, it 
would undoubtedly be most beneficial to quail because this treatment pro-
duces a variety of plants, including native panicums and paspalums. 
Grazing is generally moderate if adequate acreage is provided. 
Pine Plantations 
Intensive forestry is secondary to grazing in the cutover pinelands. 
Many ranchers disregard pine production with their burning and grazing 
programs, consequently much of the area continues to be unstocked with 
pine. Some landowners, however, are beginning to plant both the typical 
and the south Florida varieties of slash pine to increase revenues. The 
typical variety is gaining favor because of better form and superior 
early growth, but the south Florida variety is more fire resistant and 
might be best adapted to an integrated program of cattle-quail-timber 
management. 
Traditionally, pines are planted to provide a uniform distribution 
of trees. The current recommendation of 8 x 10 ft produces maximum 
shade impact on understory vegetation; consequently such plantations are 
often referred to as "biological deserts." During much of the rotation 
they are of little value to quail or cattle. 
If timber is to be integrated with cattle and quail production, 
silvicultural practices must be modified to permit more direct sunlight 
to reach the plantation floor. Rosene (13) recommends reducing the 
basal area of fully stocked merchantable stands by at least 30%. A 
similar reduction in planting density should also be effective. 
An alternative might be to alter the planting configuration without 
drastically affecting stocking. Increasing the planting space between 
rows to, say, 24 ft and decreasing the within-row space to 4 ft would 
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allow much more sunlight to reach the understory during the sapling stage 
while maintaining stockings at recommended levels. Another possibility 
would be 42 ft between double rows 6 ft apart planted 4 ft apart in rows. 
These configurations are being tested on cattle range, Another possible 
alternative is planting pine closely in narrow strips with greater dis-
tances between strips. 
Feeders 
The effectiveness of automatic feeders is a controversial subject. 
Haugen (4) found feeders to be of little or no value on a study area in 
Alabama. Frye (3), however, observed an increase from 1 bird per 10 
acres to 1 bird in less than 6 acres, and concluded that feeders were 
useful on areas where food is in short supply, such as on heavily grazed 
range or near improved pastures. The practice is expensive and probably 
impractical on public areas. Feeders should be considered a last resort 
for providing food. 
Urbanization 
In many respects, urbanization is the most destructive and most 
intolerable land use so far as game is concerned. There is little hope 
for integrating huntable populations of quail within urbanized areas. 
However, recent new ideas in urban planning, such as cluster development, 
make possible the integration of open spaces containing natural vege-
tation. The inclusion of wildlife as an aesthetic resource appears 
promising. In many suburban landscapes, quail already have important 
aesthetic appeal--where a little open space provides habitat essentials, 
quail are often attracted to the dooryard with artificial feeders. 
Rarely do we observe in the wild an entire family group so close at 
hand. 
Summary and Recommendations 
Many problems and techniques of quail management in Florida's "semi-
aquatic" pinelands are unique. The Florida bobwhite is very sensitive 
to weather extremes. Both winter food production and nesting activity 
are affected by severe spring droughts and excessive summer rains. In-
adequacy of winter foods and nesting sites appears to be the main pro-
blem, Florida's human population is expanding rapidly and the ability 
to provide habitat essentials is becoming acute as land use intensifies. 
The rotational burning-grazing system practiced by cattlemen im-
proves quail habitat. Frequent burning prevents a buildup of old grass. 
Moderately heavy grazing complements fire by breaking up and thinning 
out herbaceous vegetation. Recommendations for optimum results follow: 
Burn native ranges on 2- or 3-year cycles. 
Burn during the fall and winter before nesting activity starts 
in March. 
Graze native range during the winter and spring. 
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Rotate cattle to improved pasture during the summer and fall. 
This relieves native range of grazing pressure while quail food 
plants develop and birds nest. 
Establish improved pastures and other range improvements in 
narrow strips, 50 to 100 yards wide, with alternating strips 
of natural vegetation. 
Leave scattered clumps of saw-palmetto or other natural vege-
tation for nesting cover. 
Discing is effective in south Florida. The native wiregrasses are 
eliminated and desirable annuals respond vigorously. Discing, however, 
invites overgrazing and is not practical unless protected from cattle. 
Disc strips during the fall and early winter while the soil is 
moist. 
Application of rock phosphate will greatly increase response. 
Pine plantations stand to degrade 
tural practices are modified to permit 
forest floor throughout the rotation. 
tive, but there are other alternatives. 
quail habitat unless silvicul-
more direct sunlight to reach the 
A reduction in stocking is effec-
Plant more trees in rows to provide greater distances between 
rows. 
Alternate strips of closely planted pines with strips of natural 
vegetation. 
Burn and graze pine plantations as early as possible after 
planting. 
Grazing can usually commence after a 1-year deferment. Burning under the 
south Florida variety of slash pine can usually start at age 4 or 5 
years. 
Automatic feeders for quail are expensive but useful on cattle 
range when food is in short supply. 
Feeders should be considered a last resort method of providing 
food. 
Although huntable populations are probably not practical in urban 
areas, quail can be an important aesthetic resource in suburbs where some 
open spaces are provided. 
Urban planners should consider cluster development or other 
designs that provide for an intermingling of natural vegetation 
with building sites. 
With the proper manipulation of burning and grazing, and with modi-
fications in improved pasture and pine plantation design, high populations 
of quail can be maintained in south Florida. Sustained yields of 1 bird 
per 5 to 8 acres of rangeland should be practical. 
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INSECTS AND BOBWHITE QUAIL BROOD HABITAT MANAGEMENT 
George A. Hurst, Department of Wildlife & Fisheries, Mississippi State 
University, Mississippi State, Miss. 
Recipient of the "Wendell Bever" award presented by the Okla-
homa Wildlife Federation to the best paper of the Symposium. 
The award was in memorium to the late Wendell Bever, former 
Director of the Oklahoma Department of Wildlife Conservation 
and Regional Representative of the National Wildlife Federation. 
Abstract: 
Small insects were the most important foods eaten by quail chicks 
2 to 20 days of age. The foods eaten, in order of importance, were 
beetles, leafhoppers, true bugs, spiders, grasshoppers, ants, larvae, 
snails, and flies. Important seeds ingested were Panicum spp., Carex 
spp., Scleria spp., Paspalum spp., and Setaria sp. 
The effect of fire, a major tool in southern quail management, on 
insect populations was studied by sampling burned and unburned plots 
with a sweep net and a D-vac machine. On an old-field type of habitat, 
population densities and biomass of herbivorous insect populations were 
significantly greater on February-burned plots than on 5-year-old un-
burned plots. Two peaks in numbers of insects were found. The first 
peak of ca. 64,000/acre (sweep net) occurred in mid-June. The second 
peak occurred in mid-August (D-vac) with a density 0f ca. 90,000/acre. 
Total insect biqmass, excluding individuals over 0.035 g dry weight, 
averaged 147 g/acre (sweep net) and 128 g/acre (D-vac). 
In the second phase of the study, in a longleaf pine forest habitat, 
grasshoppers were the only species of insect having significantly 
greater density and biomass on unburned, 3-year-old "roughs" than on 
annually burned plots. Lack of litter on annually burned plots probably 
caused this disparity. At peak density, in the period of mid-July to 
early August, sweep-net density was 19,500/acre and D-vac density was 
58,500/acre. Total insect biomass averaged 79 g/acre (sweep net) and 
52 g/acre (D-vac). 
The major considerations for brood habitat are abundance and avail-
ability of insects. In old-field habitat, fire increases insect abun-
dance and removes accumulated litter, opening the area for ease of chick 
movement. If the soil is fertile, then annual burns are feasible. The 
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modify this. Burning annually in the poor-soil region of the longleaf 
forest type is not necessary. 
The reproductive season is the most important phase of bobwhite 
quail life history, but little is known about needs of quail chicks. 
Indeed, the phrase "brood habitat management" is probably new to most 
game managers. We lack knowledge about the survival of young stages of 
many wildlife species, so the problems of youth in nature must be 
studied (12). 
A study conducted in Georgia (4) found an average mortality of 50% 
in quail between hatching and 15 weeks of age. The highest mortality 
occurred during the first 2 weeks of life. Causes of chick mortality 
vary, but I believe the abundance and availability of foods should be 
considered foremost (3,5). Quail chicks have an extremely high demand 
for protein during the first 2-3 weeks of life; about 28% of their diet 
must be protein (11). Few data are available concerning the food habits 
of quail chicks. The most detailed study (5) reported that chicks mainly 
ate insects in the first 2 weeks posthatching then gradually changed to 
a diet containing more vegetable matter. One objective of my research 
was to obtain data on quail chick food habits, emphasizing the ingestion 
of insects. 
In the Coastal Plain region of the South, 2 quail management prac-
tices are used widely: controlled burning and food plots. The effects 
of controlled burning on insect populations have not been studied exten-
sively (8). The second objective of my research was to study the effects 
of fire on insect populations. 
I want to thank Mr. Alton Dunaway for his assistance in the longleaf 
pine study which was financed by the Bass Pecan Company, of Lumberton, 
Miss. I wish to particularly thank Mr. Robert Clanton and Mr. Vernon 
High of that Company. 
Many thanks are due various people and organizations who helped 
with the right-of-way study. Special gratitude is extended Dr. Walter 
Drapala and Mr. Dave Horton, Department of Experimental Statistics, 
Mississippi State University. I also want to acknowledge the help of 
Dr. Dale Arner and others of the Department of Wildlife and Fisheries, 
MSU. Finally, I thank my wife "Ting" for her many hours of help in the 
field and sorting insects. 
Study Areas 
Two study areas are referred to in this paper. The first area is 
a 150-ft-wide power line right-of-way (ROW) located 10 miles W of 
Starkville, Mississippi. The land form present is the Interior Flat-
woods of the Upper Coastal Plain, in Oktibbeha County. The ROW was 
originally cleared in 1965 and has not received any maintenance. Second 
growth mixed hardwoods and pine forest, about 30 years old, border the 
ROW. The plant community on the ROW is a dense growth dominated by 
broomsedge (Andropogon spp.) and to a lesser extent by panic grasses 
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and Erigeron spp., are numerous, as are many other less abundant herba-
ceous types, especially various lespedezas (Lespedeza spp.). Soil on the 
ROW is Prentiss silt loam, with a hard pan at a depth of 8-12 inches 
and a slope of 0-8%. 
The second area is located in a longleaf pine (Pinus palustris) 
forest 10 miles NW of Lumberton, Mississippi. Its land form is Pine 
Hills (PH) of the Lower Coastal Plain, in Lamar County. The PH area 
has a long history of grazing by free-ranging cattle and sheep and of 
burning by annual, wide-sweeping, uncontrolled fires. The 45-year-old 
longleaf stand had not been cut until the fall of 1968, when Hurricane 
Camille "thinned" the stand, which had a basal area of 75 sq ft/acre 
but lacked hardwoods in the overstory. Ground vegetation is dominated 
by broomsedge and wiregrass (Aristida spp.). The third most important 
species is hoary pea (Tephrosia spp.), and panic grasses are fourth. 
PH-area soils are McLaurin fine sandy loam on the hill tops and 
McLaurin-Lucy association on the slopes; these soils are very low in 
natural fertility. Slope varies from 0-25%. 
The PH study area was divided into 2 parts. The first part was 
located in an area burned annually for an unknown number of years. 
The fires usually were set in late winter or early spring, but some 
sunnner or fall burns also have occurred. The first part is devoid of 
hardwoods and is essentially a grassland-pine woods pasture. The second 
part, a 3-year-old "rough" (3-YOR), located about 1 mile from the first 
part, has not been burned since the fall of 1968. This second part con-
tains many young hardwoods about 2-3 ft high. 
Methods 
The ROW study was based on 10 plots, each 0.4 acre in size, located 
along 1 mile of the right-of-way. Plots were adjacent or continuous in 
some cases, but were separated by dirt roads or small, temporary creeks 
in 4 cases. Insects on the plots were sampled, 5 sweep net (SN) and 4 
D-Vac Vacuum insect net (DV), in the sunnner of 1968. An analysis of 
variance of the total insect dry weights on the plots showed the plots 
to be comparable. The 10 plots were then subdivided into 20 0.2-acre 
subplots. In February 1969 one subplo½ selected randomly, of each plot 
was burned. In the summer of 1969, from early June to late August, the 
subplots were sampled again, including 4 SN and 3 DV. 
The PH study contained 2 study areas located about 1 mile apart but 
in the same longleaf pine forest. In 1 study area there were 3 1-acre 
plots which had been burned annually (AB) for years, the last burn having 
taken place in February, 1971. In the other study area there were also 
3 1-acre plots. These latter plots were 3-year-old "roughs" (3-YOR) and 
had not burned since the fall of 1968. In both study areas the plots 
were from 100 to 200 yards apart and were subdivided into 0.25-acre sub-
plots to allow subsampling. Insects on the subplots were sampled, 4 SN 
and 3 DV, from mid-June to mid-September, 1971. 
A completely randomized design was used in the ROW study. An an-
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of insects on the 10 burned plots versus those on the 10 unburned plots. 
An AOV was also used to compare total dry weight of insects on the 
treated (burned) plots versus total weight on unburned plots. The total 
numbers of insects collected on burned and on unburned plots were com-
pared statistically by a 2 x 3 and a 2 x 4 factorial AOV. 
When all samples had been completed, a multiple AOV was used to 
determine significance for the lumped samples, 3 DV and then 4 SN, each 
type of sample being analyzed separately. Duncan's New Multiple Range 
Test (DNMRT) was used to distinguish significant means. 
A randomized complete block design with subsampling was used in the 
PH study. An AOV was used to compare quantities and dry weights of the 
major species of insects on the AB plots versus those on the 3-YOR. 
Total dry weight of insects in the samples was included in the AOV. Fac-
torial analysis for total insect numbers was not performed due to unequal 
sample size. 
Admittedly, sampling of insect populations is not a precise science. 
In an attempt to gain valid results, I used 2 different sampling tech-
niques. Sampling was done by 1 technique every 2 weeks. The SN con-
sisted of a 19-inch handle, 30-inch deep heavy-duty net, and a hoop dia-
meter of 15 inches. A SN sample consisted of 144 strokes per 0.2 acre 
(ROW) and 72 strokes per 0.25 acre (PH). Sample size was reduced in the 
PH study because the vegetation was not as dense and was more uniform 
than in ROW. A stroke was made so as to strike as near the ground as 
possible and to remain parallel to the ground for 50 inches. I moved 
at a fast walk (28-32 sec to take 36 strokes). The strokes were taken 
on straight lines from 1 end of a subplot to the other, 36 strokes per 
line (ROW) and 24 strokes per line (PH). A different starting point was 
chosen randomly for each sample. A single SN stroke was calculated to 
have a volume of 8,831 cu. inches, a 15 inch circle traveling 50 inches. 
Therefore, 144 strokes (ROW) would be 6.83% of the total possible volume 
within 15 inches over 0.2 acre. The PH sample (SN) was calculated to be 
3.75% of the total possible volume within 15 inches over 0.25 acre. 
The DV machine having an intake nozzle diameter of 6.5 inches, was 
held about 6 inches from the ground or litter. ADV sample consisted of 
carrying the machine in a straight line, 4 lines per 0.2 acre (ROW) for 
a total of 525 ft and 4 lines per 0.25 acre (PH) for 420 ft. I moved 
at a fast walk (25-30 sec to travel 100 ft). The lines went from one 
end of a subplot to the other end, with a starting point being randomly 
chosen for each sample. The DV sample was trapezoid in shape, the top 
being 6.5 inches wide, the bottom 12 inches wide., and 6 inches high. 
ADV sample was calculated to be 4.67% of the total possible volume 
within 6 inches over 0.2 acre, and 3.40% within 6 inches over 0.25 acre. 
Insects in a sample were killed by spraying them with carbon tet-
rachloride after which they were sorted manually from the debris, identi-
fied, counted, dried at 83 C for 7 hr, and weighed on a top-loading 
balance. All weights listed are oven-dry. Individual insects weighing 
more than 0.035 g were discarded as they were considered too large to 
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The 2 sampling methods give quite different results for total num-
ber and total insect weight. The SN is more efficient at collecting 
large, fast-escaping types, especially grasshoppers. Therefore, this 
method collects greater total dry weight of insects. The DV captures 
considerably more of the extremely small insects, thus it collects a 
much higher quantity of insects. The DV represents best what is avail-
able for quail chicks because it samples in the feeding zone of chicks, 
up to 6 inches above ground, collects tiny insects of the size usually 
eaten by chicks, and collects the types (slow moving) usually eaten by 
chicks. 
The main objective of the research was to determine if the insect 
total weight or total number, by insect type, differed between burned 
and unburned subplots. Thus the 2 types of sampling methods would have 
to agree in capture characteristics in order for the results to be ac-
ceptably comparable. Regarding the question of insect density and bio-
mass, the differences in the sampling methods must be remembered. The 
results of the sampling can be converted because sampling of the same 
plots on the same day showed the following ratios, DV:SN, to exist as 
far as number caught: spiders 3:1, flies 5:1, ants 4:1, and homopterans 
1.6:1. The SN and DV collected beetles and hemipterans at about the 
same ratio. The SN collected twice as many orthopterans as did the DV. 
The total dry weight of insects in the SN was about twice as much as in 
the DV. 
Newly hatched quail chicks, 126 in the ROW and 38 in the PH study, 
were placed with a broody bantam hen. When adoption was complete, a 
brood containing 7-20 chicks was released on a burned plot in the ROW 
study and on both 3-YOR and AB plots in the PH study. Fewer chicks 
were used in the PH study than in the ROW study due to a lack of time 
and personnel. Also, chicks not eating anything were not included in 
the results, and there were a greater number of noneating chicks in the 
PH study. The chicks, age 1-20 days, were able to move about the entire 
plot in search for food items. Each brood remained on the plot for 5-10 
hr, then was picked up and killed immediately at dusk. Crop and gizzard 
contents were combined for the ROW study, but in the PH study only crop 
contents were counted to reduce a possible bias. 
Three criteria were used to arrive at a relative-importance value 
for the insects eaten: average number of a given species of insect per 
chick, frequency of occurrence, and my ocular estimate of the weights of 
the insects eaten. Having weighed the same insects many times from the 
insect samples, I could estimate quite accurately relative weights of 
the insects eaten by chicks. Weight estimates were ranked from 1 to 8, 
with 1 being the heaviest. The relative importance of seeds found in 
chick crops, or in crops and gizzards combined, was based on the average 
number of certain species per chick. 
Results 
Quail Chick Food Habits-Insects 
Adopted Quail Chicks 
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A total of 126 quail chicks, age 2-15 days, was used on the ROW 
plots. Table 1 presents the 3 relative-importance criteria for insects 
eaten by these chicks from early June to late August. 
Table 1. Average numbers of insects in crops and gizzards of 
126 quail chicks, age 2-15 days, released on 
the ROW burned plots. 
Type of insect 
Criterion Spider Ant Fly Leaf- True Grass Beetle 
hopper bug hopper 
Avg. No./ 
chick 1.2 3.6 0.7 1.7 2.2 1.2 3.6 
% Frequency 
occurrence 27 74 9 21 61 12 83 
Rank of wt. 
importance 4 6 7 3 2 5 1 
Combining the 3 criteria, and emphasizing weight, insect types rank 
from most important to least important as follows: beetles, true bugs, 
leafhoppers, spiders, ants, grasshoppers, and flies. Chicks ate some 
larval forms (lepidopterans), tiny hyrnenopterans, snails, and moths, but 
did not eat any type of insect that was not collected by the SN or DV 
sampling techniques. 
Beetles eaten were mostly small weevils (Curculionidae) and leaf 
beetles (Chrysomelidae). The important true bugs included a herbivorous 
lygaeid (Oedancala spp.), the negro bug (Corimelaena spp.), and stink 
bug nymphs (Pentatomidae). Ants consumed were mostly fire ants (Sole-
nopsis spp.), whereas spiders eaten were ground spiders (Lycosidae). 
Grasshoppers taken as food were first or second instar stages of Cono-
cephalus strictus and Melanoplus spp. 
Chicks less than 1 week old ate more insects than did older chicks. 
Younger chicks averaged 9 beetles each, whereas older chicks averaged 
only 2.8 each. The other comparisons, presenting first in each case 
the average numbers in younger chicks, were: ants 7-3.1, spiders 4-0.8, 
true bugs 5-1.8, leafhoppers 4-1.4, grasshoppers 2.4-1.1, and flies 
2-0.5. Frequency of occurrence percentages were also higher for the 
younger chicks. 
Insects eaten by 38 chicks, age 1-20 days, but mostly 6 days, in 
the PH study, are summarized in Table 2. According to the 3 criteria, 
rank of importance, from most important to least important would be: 
beetles, leafhoppers, ants, spiders, larval forms, true bugs, grass-
hoppers, and flies. 
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Table 2. Insects in crops and gizzards of 38 quail chicks 
released on the AB and 3-YOR PH plots. 
Insect category 
Criterion Spider Ant Fly Leaf- True Grass- Bee- Larval* 
hopper bug hopper tle forms 
Avg. No./ 
chick 5.2 6.4 1.9 4.2 1. 9 2.5 3.2 2.0 
% Frequency 
occurrence so 95 32 32 24 10 45 37 
Rank of wt. 
importance 5 3 8 2 6 7 1 4 
,',Mostly Lepidopterans 
Wild Quail Chicks 
A summary of food items found in the crops of 6 wild quail chicks 
is presented in Table 3. Chicks labeled A-C were captured in habitat 
very similar to the ROW, and chicks D-F were caught in the longleaf pine 
forest habitat (PH). 
Table 3. Insects found in the crops of 6 (A-F) wild quail 
chicks, age 7-14 days. 
Arthropod Actual number found in the <;: rop 
t e A B C D E F 
Spider 10 9 2 5 3 44,•, 
Fly 0 1 0 0 0 0 
Ant 1 2 0 2 0 0 
Grasshopper 2 2 1 0 1 2 
True hlg 8 7 3 3 0 5 
Leafhopper 36 12 9 5 1 12 
Beetle 3 3 4 12 3 3 
Hymenopteran 0 0 0 0 0 2 
Larval f orm,'n', 3 0 0 3 0 24 
Snail 1 0 0 24 0 0 
,',Including one female with 42 newly hatched young 
**Lepidopteran and Coleopteran 
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Leafhoppers ranked first in number eaten per chick, followed by 
spiders, beetles, and true bugs. In frequency of occurrence, beetles, 
spiders, and leafhoppers all rated 100%, followed by true bugs and grass-
hoppers. According to the 2 criteria above and my weight estimates, the 
rank of importance, most important to least, is: beetles, leafhoppers, 
true bugs, spiders, larval forms, grasshoppers, and the other types. 
The chicks, whether adopted or wild, ate extremely small insects in 
most cases. Most food items were <8 mm long and weighed <0.005 g. The 
largest item eaten was a grasshopper that was 20 mm long and weighed 
0.051 g. This individual was partly in the crop and extended all the way 
into the chick's gizzard. This grasshopper was the only exception to 
the weight of 0.035 g chosen as being too big for ingestion by quail 
chicks. Other large examples were a June beetle (0.027 g), a ground 
beetle (0.022 g), an adult stink bug (0.030 g), and a lepidopteran larval 
form 20 mm long and weighing 0.021 g. 
It is not known how much food, insects and/or seeds, quail chicks 
eat or need per day. Some preliminary data are presented as indicators. 
A wild quail chick, about 9 days old, had a total of 0.212 g of insect 
food in its crop and 0.017 g of seeds in its crop and gizzard combined. 
The greatest amount eaten by an adopted chick, 14 days old, was 0.203 g 
of insect food in the crop and 0.014 g of seeds in the crop and gizzard 
combined. These were the largest amounts found in crops of chicks; 
most chicks had eaten much less. 
Quail Chick Food Habits-Seeds 
Estimates of seed abundance and availability on the study areas were 
not made. Consequently the results of this phase of the chicks' food 
habits will be restricted to a brief summary of the more important species 
of seeds found in the chicks' crops. The ROW chicks, age 2-20 days, ate 
mostly Panicum lindheimeri and Carex cherokeensis seeds. Other important 
species were Scleria spp. and Paspalum spp. Panicum anceps became impor-
tant in August, when the seeds matured. Many seeds of P. lindhimeri and 
Scleria spp. were eaten directly from the plants. Wild quail chicks 
caught in habitats similar to the ROW had eaten mostly Panicum spp. 
seeds, as well as Scleria spp., Digitaria spp., and Setaria spp. Adopted 
chicks in the PH study ate Panicum spp. seeds mostly, but also consumed 
Scleria spp., Cardamine spp., and Paspalum spp. Wild quail chicks cap-
tured in the PH area had eaten mostly Panicum spp. seeds, along with 
some Scleria spp. and Cardamine spp. seeds. 
Insect Samples-ROW Study 
Results of the 7 samples, 4 SN and 3 DV, taken in the summer of 1969 
on the ROW plots are presented in Tables 5 and 6. The AOV results for 
insect mean numbers and mean dry weights are also given. 
Spiders were most numerous and had the greatest dry weight on the 
burned plots, but differed from unburned plots significantly in only 2 
samples by number and 3 samples by weight. Ants were significantly 
greatest in number in all 7 samples and significantly heavier in total 
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weight in 5 of the 7 samples on burned plots. Flies were generally more 
numerous, but not significantly so, on unburned rather than burned plots. 
Leafhoppers numbered and weighed significantly more on burned plots in 
all samples. True bugs were more numerous and weighed more on burned 
plots, but the differences were significant only at peak true-bug density. 
Beetles were most numerous and totalled greatest weight on the burned 
plots in 4 of the 7 samples. All families of the Order Orthoptera (grass-
hoppers, etc.) were significantly more numerous and weighed significantly 
more on burned than on unburned plots. 
Total dry weight of insects was significantly greater on burned plots 
in all 7 samples. Mean dry weight of insects in the 4 SN samples was 
2.657 g on burned and 1.356 g on unburned. The 3 DV samples averaged 
1.222 g on burned plots and 0.660 on unburned plots. 
The multiple sample AOV, one for each sample type, confirmed the results 
of the individual sample AOV. In fact, Duncan's New Multiple Range Test 
disclosed significant differences both in number and in dry weight of some 
species of insects, on a given date, that the AOV had shown to be nonsignif-
cant. Significant interactions between treatment (burn) and date of sample 
were found and were attributed to increase or decrease in insect populations. 
The factorial analyses for SN and for DV disclosed significantly more 
insects on burned plots than on unburned. The mean sample number for SN 
was 586 on burned and 311 on unburned. The mean sample number for DV was 
718 on burned and 432 on unburned. 
Insect Samples-PH Study 
The results of the PH samples, 4 SN and 3 DV, taken during the summer 
of 1971, are shown in Table 7. The mean number, mean dry weight, and the 
AOV results are presented for the major insects by sample date. Most in-
sects were more abundant and heavier in total dry weight on the unburned 
3-YOR than on the AB plots. These differences were usually not signifi-
cant. Only one type of insect, grasshoppers, had significantly more 
numbers and dry weight, occurring in the 3-YOR, in all 7 samples. 
The 3-YOR plots contained greater total dry weight of insects in 
all samples, the differences being significant in 5 of the 7 samples. 
Grasshoppers made up 64% of the total insect weight, so they greatly 
influenced the total insect dry weight, in favor of the 3-YOR. The 
average of the 4 SN samples, total insect dry weight, was 0.630 g on the 
3-YOR and 0.414 g on the AB plots. Total insect dry weight, in the 3 
DV samples, averag~d 0.375 g on the 3-YOR and 0.174 g on the AB plots. 
Insect Density and Biomass 
Total insect density and biomass for the 2 studies are presented in 
Tables 8 and 9. The reader should recall that sampling was conducted 
from the quail chick's "point-of-view", near the ground, and that large 
specimens of insects were disregarded. The less numerous types of 
insects, moths, damselflies, etc. were not included. The expanded 
figures, insects/acre or biomass/acre, were made on the basis of the cal-
culated volume of a single SN or DV sample. The data for the 2 sampling 
methods was kept separate, and the reader must remember the great 
differences between the 2 types of samples. 
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Insect Density 
The SN sample of 17 June, with an expanded insect density_of about 
64,000/acre on burned plots, was significantly greater than the other 3 
SN samples and could be considered the peak of insect density. The 
remaining 3 SN samples showed insect density to be about 35,000/acre. 
This density was not significantly greater than the 31,000/acre on un-
burned plots at the peak density, but was significantly greater than 
the other densities (dates) on unburned plots. 
The 3 DV samples on burned plots showed an increase in density, from 
59,000/acre to 77,000/acre to about 90,000/acre, in mid-August. DNMRT 
determined that the last sample, in mid-August, was significantly dif-
ferent from the previous 2 and could be considered as a peak in insect 
density. Apparently, 2 peaks in insect density occurred on the ROW plots. 
In the PH study (Table 9), a comparison of total insect numbers on 
the 3-YOR and the AB plots was not tested for significance. There seems 
to be little difference, however, except on 4 August. On the 3-YOR plots, 
the DV total density varied from about 33,000/acre in early July to a 
peak of 58,500/acre in early August. It appears that the August total 
density would be significantly different from the much lower 33,000 in 
July or the 21,500 in September. There does not appear to be much dif-
ference in the SN densities, from 13,300 in 12 June to a high of 19,500 
in mid-July. The highest density was recorded just previous to the 
peak DV density, suggesting that a single peak in insect density occurred 
in late July and early August. 
Insect Biomass 
The burned plots (ROW) always held significantly more dry weight of 
insects than the unburned, so the expanded figures would also be signif-
icantly different. The total insect biomass figures were not tested 
for differences by dates, but with the SN method the differences, 104 
g/acre to 195 g/acre, do not appear to be too great. The lower figure 
in late August was due to most grasshoppers being larger than 0.035 g, 
and therefore discarded from the sample. The DV method showed an in-
crease from 99 g/acre in early June to 149 g/acre in early July. The 
mid-August sample is about the same as the early July total. 
Total dry weights of PH samples were significantly different, favoring 
the 3-YOR in 5 of the 7 samples. The expanded figures on total insect 
biomass were also significantly different. The SN totals on the 3-YOR plots 
were much alike for the first 3 samples: 82, 92, 63 g/acre, but decreased 
in late September to only 33 g/acre. The DV method indicated the same 
trend, about the same biomass in July and August, 56 and 47 g/acre re-
spectively, and then a drop to 29 g/acre in early September. If there was 
a peak in insect biomass, it occurred in the period of early to mid-July. 
Differences in total insect density or biomass on ROW plots versus 
FH plots were not tested for significance, but the differences appear 
to be great. The ROW plots produced many more insects. The PH area 
was particularly devoid of true bugs and had far fewer beetles. These 
. notations were reflected in the number eaten by quail chicks on the 
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2 Excluding all individuals over 0.035 g and less numerous types of 
insects 
3 All significantly different at 1% level 
Table 9. Insect density and biomass on AB and on 3-YOR plots 


















































2 Excluding all individuals over 0.035 g dry weight, and less numerous 
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Discussion 
The results of the study illustrate the great importance of insects 
in the diet of young quail chicks. The highest rate of chick mortality 
has been reported to be in the first 2 weeks of life (4), the same period 
when insects are the most important food items. The survival of chicks 
might be decreased by a decrease in the quantity of insects in June or 
July, at which time they are vital (3,6). A greatly lowered insect 
biomass, due to the use of herbicides in agricultural crops, was thought 
to be the most important cause of grey partridge (Perdix perdix) chick 
mortality in England (15). 
Quail chicks need an abundance of tiny insects and the insects must 
be available. The study on the ROW showed significantly more insects 
and significantly more insect biomass on the burned plots than on the 
unburned areas. The herbivorous types of insects: beetles, true bugs, 
leafhoppers, and grasshoppers, were particularly more abundant on the 
burned plots. These same types of insects were the most important 
chick foods. The increase in insect density on the burned plots was 
attributed to the lush, succulent vegetative growth that followed the 
burn. The abundance of foliage insects is dependent upon the amount of 
green foliage (7) and the nutritional level and palatability of the 
plant material (10). The increased palatability and nutritional value 
of plants on recently burned areas has been documented previously (9), 
Not only were there more insects on the burned areas, but the in-
sects were more available (21). The question of availability of insects 
as chick food items is complex, involving insect density, size, type, 
and vegetative conditions. Quail chicks must be able to move about 
freely in search of insects. A dense "jungle-like" plant community or 
a deep layer of accumulated litter renders an area unfit as brood habi-
tat. The chances of a chick becoming entangled, exhausted, lost, preyed-
upon, or wet-chilled, are increased by having a dense layer of dead or 
living plants at the chick's level (2,17). Fire will remove most of 
the accumulated litter and thus open an area so that quail chicks can 
use it as brood habitat. In an area with good soil fertility, such as 
the ROW, annual burning is a must to increase the availability of 
insects, 
At first glance, the results of the PH study appear to contradict 
the beneficial aspects of fire as a brood habitat management tool. The 
3-YOR plots had more insects than did AB plots, but the only significant 
difference was in the number of grasshoppers. Grasshoppers were not an 
important chick food, although other studies have found them to be im-
portant (5). Grasshoppers were not eaten in proportion to their abun-
dance, or particularly in proportion to their great amount of biomass, 
which was 64% of the total insect biomass. Grasshopper density was 
probably lower on the AB plots because litter was lacking. On the 
Minnesota Prairie, grasshopper density is highest where there is a light-
to-medium amount of litter (23). If the litter increases or decreases 
from optimum, due to fire or grazing or to no fire, grasshopper density 
decreases. The exact relationship between grasshopper density and litter 
is not known, but cover, shade, soil temperatures, and oviposition sites 
must be considered. 
88
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
80 
Three years of accumulation of litter is too much in the longleaf 
pine habitat; a l-to-2-year interval between burning has been recommended 
(20). This recommendation seems well founded for improving brood habi-
tat. A 1-year-old-"rough" will provide adequate litter so that grass-
hopper density will increase. 
The ROW plots produced much more insect density and biomass than 
the PH plots. Undoubtedly the difference is due to the rather infer-
tile soils of the longleaf pine habitat and to past history. The "piney 
woods" were grazed by sheep and cattle for many years, and these herbi-
vores account for a plant community dominated by broomsedge and wire-
grass (19) and the lack of a rich flora. Native legumes and palatable 
grasses have been practically eliminated. Ill-timed fires also contri-
buted to the lack of a more varied flora. Insect density and biomass 
seems adequate on the ROW plots, but PH habitat has a low carrying 
capacity as brood habitat. 
Another feature of brood habitat carrying capacity is the amount 
and availability of seeds. The youngest chicks used in my studies ate 
seeds. A 4-day-old chick ate 165 panic grass seeds. A 6-day-old con-
sumed 240 panic grass, 70 Carex spp., and 17 miscellaneous species of 
seeds in 1 afternoon. The importance of seeds, especially early matur-
ing panic grass species, was reported earlier (5). Fire is routinely 
used to increase commercial seed production, so this would further add 
to the advantages of using fire in brood habitat management. 
Insect abundance and availability are the prime factors to consider 
in trying to determine the carrying capacity of an area as brood habitat. 
Currently, not enough is known about wild quail chick needs, their 
daily insect consumption, or about availability of insects (16). Insect 
abundance is influenced by many factors (14), the type of plant com-
munity being prominent. Legumes were thought to attract or produce more 
insects than nonlegumes (17). The attractiveness of certain crops, soy-
beans, peas, and other developing fields of legumes, for young quail has 
been noted (13,17). A study in Georgia (1), found that mixed-forb fields, 
early seral stages of plant succession in the southeast, produced many 
more insects than did later stages, such as broomsedge fields. From the 
aspect of insect abundance, brood habitat should favor legumes and mixed 
forbs. Fire, used properly, will produce a variety of luxuriant vege-
tation and favors legumes (9,17). When using fire the manager should 
finish all burning before insect emergence and hatching of the over-
wintering eggs takes place. Woody-brushy areas, which serve as brood-
holding areas, should be saved from burning. Burning in strips or 
patches is recommended, to leave preferred nest habitat adjacent to 
brood habitat. The interval of burning will depend on local conditions, 
but the factors of insect abundance and availability should be consid-
ered equally. To have many insects under poor feeding conditions, 
dense vegetation, or accumulated litter, is worse than having fewer in-
sects under ideal "catching" conditions. 
Another way of increasing insect abundance and availability is by 
planting an agricultural crop or wildlife food plant species; properly 
fertilized, it will generally produce a lush, green vegetative growth. 
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So-called "clean" farming is not desired; weedy fields are the goal. A 
low-growing species is preferred so that insects are concentrated in the 
chicks feeding zone; 0-8 inches above the ground. Although not complete-
ly tested, kobe lespedeza appears to be an excellent species for high 
insect production, but its density must be controlled by light discing. 
During the patch-farm era in the South, quail densities were high. 
The many small, scattered, cultivated fields and the continued use of 
fire in the woods combined to produce ideal quail habitat (18). Brood 
habitat was certainly abundant. High quail densities, 1 or 2 birds to 
the acrP, are found on areas in the South today and these areas use fire 
and food (brood) plots. While speaking of the needs of wild turkey poults, 
the Dean of Quail Management, Herbert L. Stoddard, said that "preferred 
insect catching grounds" should be created (22). These insect or "bug-
ging" habitats can be created by fire or cultivation, or a combination 
of the two. 
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THE RESPONSE OF BOBWHITE COVEYS TO DISTURBANCE DURING FIELD TRIALS 
Ralph w. Dinnnick, Dept. of Forestry, Univ. of Tenn., Knoxville 
Noel S. Yoho, International Paper Co., Camden, Ark. 
The characteristically sedentary nature of bobwhites is well docu-
mented by intensive research and is generally well known to hunters and 
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others acquainted with the life habits of this species of game bird. 
Early studies (1,7) indicated that quail often spend their lives travel-
ing less than 0.5 mile between the widest points of their range. Other 
workers have shown that while the majority of individual bobwhites in a 
population have similarly restricted ranges, the mean size of home range 
expressed as cruising radius may be up to 0.5 mile or more (3,5,6). In 
some cases, where environmental stress is great or where seasonal changes 
markedly alter the condition of habitat, bobwhites may move distances of 
several miles (2). In Missouri, the greatest amount of movement occurs 
in spring, when the population undergoes changes relative to its breeding 
status, and a lesser amount in the autumn (4). The situation is the op-
posite in Florida, where greatest mobility is observed in summer and fall, 
and least mobility in spring (5). 
The studies cited above, while illustrating regional differences in 
specific movement patterns, emphasize the commonly accepted contention 
that covey ranges of quail are small and that over s~ort periods of time 
quail may be expected to move within a cruising radius of 0.25 to 0.5 
mile. In addition, these studies illustrate that a potentiality for marked 
shifts in range occurs in some populations of quail. 
This study reports on the impact of a major field trial on some as-
pects of density, distribution, and behavior of a bobwhite population on 
a field trial area. Relationships between quail density, daily distur-
bance, and bird dog performance are discussed. We are grateful to Wil-
liam Brown, Editor, The American Field Magazine, for providing detailed 
accounts of the field trial competition and to John Rennie, The Univer-
sity of Tennessee, for aid in statistical analysis of the data. This 
study was supported by funds from McIntire-Stennis Project MS-3. 
Study Area 
The study was conducted on Ames Plantation, an 18,600-acre tract in 
Hardeman and Fayette counties, Tennessee. The plantation is located in 
the Eastern Gulf Coastal Plain physiographic region, and is generally 
representative of the western 0.3 of Tennessee. Major crops grown on 
the plantation include soybeans (Glycine max), corn (Zea mays), and 
cotton (Gossypium hirsutum). Beef cattle and forestry are other major 
enterprises. 
A 2,100-acre area was used for intensive study of the quail popu-
lation (Fig. 1). Land use on the area is divided between forest land 
(31%), idle land (28%), cultivated land (23%), and pasture (15%). A 
subunit of about 214 acres within this area was selected £or studying 
the behavior of quail during winter with the aid of radiotelemetry. This 
unit contained proportionately more cultivated land and less of other 
types of land use than the remainder of the area. 
Of particular significance to this study is the annual running of 
the National Championship Field Trial for pointing bird dogs. This 
event is conducted over 2 separate courses, each approximately 12 miles 
long, during the last 2 weeks in February. During the running of the 
trial, a brace of dogs is started on the Morning Field Trial Course at 
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about 0830 and another brace is run on the Afternoon Course at 1330 each 
day of the event except Sunday, weather permitting. The courses are 
marked prior to the first day's running, and each dog is required to fol-
low the same course. Thus, the courses are run the same time each day 
over the same route, In addition to the dogs, handlers, and judges, a 
gallery ranging from about 60 to 600 mounted spectators follows a route 
coinciding with or closely paralleling the field trial courses. 
A significant feature of the Morning Field Trial Course is its fre-
quent looping and doubling, permitting a thorough searching of large 
blocks of habitat by the dogs. This feature facilitated management of 
this area, as management efforts could be concentrated in areas that 
would be traversed 2 or more times during each heat. 
Methods 
Density and distribution of quail on the study area were determined 
by direct censuses conducted twice annually during the periods of Decem-
ber 1966 and March 1972. These censuses employed 5 to 7 men walking 20 
to 30 yards apart to flush coveys. The counts were believed to be a con-
sistent but low estimate of the density and spatial distribution of the 
population. Statistical limits of confidence could not be established, 
however, because of the impracticality of obtaining replicate counts for 
any season. Each census required 4 to 6 days, and neither time nor man-
power was available for replication. 
Home ranges of coveys and other aspects of quail behavior were stud-
ied with the aid of radio telemetry (8). Transmitters weighing about 14 
g were placed on the backs of quail, and signals were monitored with the 
aid of a portable receiver. Signal strength varied greatly, occasionally 
being detectable at distances of 0.5 mile or more, but usually at ranges 
of 50 to 100 yards. 
The performance of bird dogs in locating coveys during the field 
trials was determined from examining the accounts of the running of these 
trials published in The American Field Magazine. These accounts recorded 
the number of coveys pointed per heat, and the total time on the course 
logged by each dog. Data from heats for which neither dog finished the 
course were excluded from the analyses. 
Results 
Quail Populations 
The quail population was studied with respect to its density on the 
study area and its distribution along the field trial course. 
Density 
The mean number of coveys on the 2,100-acre study area was 94 in De-
cember and 80 in March during the period 1966-1972 (Table 1). The autumn-
to-spring decline in covey count during this period ranged from about 10 
to 20%, averaging 15.4% for the 6 years. This seasonal decline in numbers 
of coveys on the study area was accompanied by comparable changes in 
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numbers of individual quail (Table 1), and generally indicates that a 
relatively stable population of quail occurred on the study area. The 
decline in numbers corresponded roughly to the estimated hunting mortal-
ity on the area, most of which occurred after the December census. We 
observed extremely little egress of quail from the study area that could 
be attributed to the activities associated with the field trial. 
Distribution 
The distribution of coveys with respect to that portion of the study 
area traversed by the field trial (42.5%) appeared to be similarly unal-
tered. In 1971-72, for example, 49 of 111 coveys located during December 
were on that portion of the study area encompassing the field trial 
grounds (Fig. 2). During March, 1972, less than 2 weeks following the 
trial, about 48 of 95 coveys were on that same portion. This pattern of 
distribution occurred during all other years of the study period (Table 
2). That part of the study area used by the field trial is intensively 
managed for quail, and is more attractive to quail during late winter. 
Consequently, it appears that the general distribution of coveys on the 
study area is determined by the availability of good habitat, and is 
relatively unaffected by the potentially disruptive activities of the 
field trial. 
Covey Ranges 
The home ranges of 5 coveys of quail during the winter period of 1970 
were defined through the use of radio-telemetry equipment. These coveys 
were monitored for periods ranging from 26 to 79 days during January 
through March, 1970. Home range sizes varied from 10.0 acres to 28.9 
acres, averaging 16.7 acres for the 5 coveys studied. 
The effect that the field trial could exert on a covey's use of its 
established range was observed during the 1970 field trial. The range of 
1 covey lay in the path of the field trial, and the effect of this dis-
turbance on the covey's range utilization is illustrated in Fig. 3. At 
approximately 1700 on the first day of the trial, large numbers of horse-
men entered the covey's range, many of them riding at full gallop. The 
covey, situated in a small cover strip, became extremely active, ran 
erratically through its range, and travelled about 450 yards in little 
more than 10 minutes. During all of this activity, the covey remained on 
the ground and it eventually took refuge in dense honeysuckle. During 
the next morning the covey was located directly in the path of the ad-
vancing gallery. The covey divided permanently, with 1 portion of the 
covey abandoning the covey range and joining another covey that ranged 
off the field trial course. The residual segment of the covey remained 
within its original home range for another day, then moved off its estab-
lished range and joined another covey southwest of the field trial course. 
This covey's original range was located near the starting point and end-
ing point of the morning and afternoon courses, respectively. Thus, in 
addition to the disturbance caused by the gallery passing through their 
range, the quail were subjected to additional disruptions such as the 
loading of horses and gear, and heavy automobile traffic. The covey's 
response to disturbance of this magnitude was dramatic. 
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Table 1. Numbers of coveys and numbers of quail on the Ames Plantation 
study area during December, 1966 to March, 1972. 
Period Number of coveys Number of quail 
December March Percent December March Percent 
decline decline 
1966-6 7 90 76 15.6 1184 925 21.1 
1967-68 101 81 19.8 1478 1073 27.4 
1968-69 100 82 18.0 1394 1033 25.9 
1969-70 73 66 9.6 1007 832 17.4 
1970- 71 89 77 13.5 1179 964 18.2 
1971-72 111 95 14.4 1334 1269 4.9 
Mean 94 80 15.4 1263 1016 19.5 
Acres/covey 22.3 26.4 
Acres/bird 1. 7 2.1 
Table 2. Number and proportion of coveys on the study area which were 
located on the field trial course. 
December March 
Period No. of coveys % of tota.l No. of coveys % of total 
on field trial coveys on field trial coveys 
course course 
1966-67 49 54.4 40 52.6 
1967-68 51 50.5 37 45.7 
1968-69 54 50.0 39 47 .6 
1969-70 37 50.7 32 48.5 
1970-71 47 52.8 45 58.4 
1971-72 49 44.1 48 50.5 
~ 
95
Morrison and Lewis: Full Issue
87 
Fig. 1. Th• study oreo, o 2100 ocre troct on Ames Plontotion, Foyl'ttte 
ond Hardemon counties, Tennessee. 





Fig. 2. locotion of cov.,y! on thft .,,n,ning field triol course during 
December, 1971 ond Merer }972 
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• - Field trial route 
+- - Covey fflovernent 
- - o,ioinal home range 
Fig. 3 . Ho111e range boundaries end 111ove111_ents of a covey 
disturbed by field trial adivities Feb . 15-17, 1970. 
10 
9 r = -0.23 
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Number of consecutive prior heats 
Fig. 4. Number of coveys pointed per 3-hour heat on the morning 
field trial course, 1967-72. 
97
Morrison and Lewis: Full Issue
89 
Performance of Bird Dogs 
The performance of the competing dogs in locating coveys was consi-
dered a subjective index of the impact which the field trial exerted 
upon the availability of coveys. Over the 6 field trials studied, dogs 
averaged pointing 1.3 coveys per hour. The number of covey points per 
dog-hour varied only slightly between years; analysis of variance indi-
cated that these minor differences were not statistically significant. 
It is likely that variations in quail density between years were not 
great enough to exert significant influence on the dogs' ability to 
locate coveys. 
We used linear regression to measure the relationship between the 
number of coveys pointed during a 3-hour heat and the number of conse-
cutive heats run prior to that heat. We assumed that if repeated dis-
turbance of the area by the large gallery initiated egress of quail from 
the field trial course, we would detect a trend toward fewer covey points 
as the field trial progressed. We did not observe such a trend over the 
6 trials. The greatest number of points occurred on days preceded by 
zero and 1 day of prior running, but no consistent trend was obvious 
(Fig. 4), The correlation was low (-0.23), and was not significant. 
Conclusions 
We draw 2 major conclusions from our study of field trial activities 
and quail behavior. First, we conclude that the rather traumatic ex-
perience of having their home range invaded by large numbers of mounted 
riders is sufficient disturbance to cause some coveys to demonstrate 
marked shifts in the location of their activity centers and home ranges. 
Telemetry data on 1 covey indicated clearly that coveys may disintegrate 
and abandon a well-established home range when these circumstances become 
prevalent. 
Second, a point we believe to be more significant, the dramatic ad-
justment of home range was not universal among coveys on the study area. 
Covey distribution and density remained relatively unaltered, and the 
dogs' ability to locate and point coveys did not diminish as the trials 
progressed. Thus, it appears that minor, and occasionally major, shifts 
in covey ranges may be compensated for by 3 factors: (A) the moderately 
high density of quail maintained on the field trial course by good habitat 
management; (B) day-to-day variations in the specific areas searched by 
the dogs, and (C) the layout of the field trial course which enhanced the 
"interception" of displaced coveys. 
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HABITAT UTILIZATION BY BOBWHITE QUAIL DURING WINTER 
Noel S. Yoho, International Paper Company, Camden, Arkansas 
Ralph W. Dimmick, Department of Forestry, The University of Tennessee, 
Knoxville 
Abstract: 
This study was conducted on a 214-acre area of the Ames Plantation, 
Fayette County, Tennessee. Information on habitat utilization by bob-
white quail (Colinus virginianus) during winter was obtained by tele-
metering quail during January - March, 1970. The ranges of five coveys 
averaged 16.7 acres. Coveys spent little time in cultivated fields 
although this type of cover constituted much of the home ranges of 4 
coveys. Cedar woods, hardwood forests, and old fields were used in pro-
portion to their abundance for diurnal protective cover by the quail 
population, but presence of honeysuckle (Lonicera japonica) or other 
dense understory cover generally increased the attractiveness of a wooded 
area for quail. Honeysuckle was also the preferred ground cover for 
roosts. 
The characteristic habitat or vegetative type most important to the 
bobwhite during winter varies widely among portions of its range in North 
America. The specific vegetative types quail utilize most frequently in 
a particular region reflect both their immediate needs for coping with 
environmental problems and the variety of vegetative types available to 
them. Typically, certain features of habitat exert significant influence 
on diurnal patterns of quail movement during winter. This is evidenced 
by the bobwhite's tendency to spend disproportionate amounts of its time 
in certain areas. Bobwhites in south-central Kansas, an area character-
ized by open herbaceous cover, show a strong inclination to establish 
"headquarters" in patches of brushy or woody cover when available (9). 
In Wisconsin, hedgerow of specified dimensions is the significant fea-
ture determining the quality of winter habitat for quail (5), and in 
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Missouri fencerow cover is important to the carrying capacity of farm-
land (8). In southern Illinois, however, bobwhite population densities 
show no significant correlation to total amounts of edge (including 
fencerows), but the number of coveys in fall is strongly correlated with 
the amount of specified types of edge, e.g., edge between cultivated 
fields and brushy pastures (4). 
We made the present study to identify cover types or habitat features 
that are most important to bobwhites in west Tennessee. We analyzed the 
extent to which quail utilize various cover types and habitat features 
during winter, and we described characteristics of covey ranges and re-
actions of quail to habitat alterations within covey ranges. 
The Study Area 
The study area is located on the Ames Plantation, an 18,600-acre 
tract in Fayette and Hardeman Counties, Tennessee. Quail behavior was 
studied intensively on a 214-acre plot within a 2,100-acre unit inten-
sively managed for bobwhites. 
Soil materials in the plot consist of a 3-ft layer of loess over-
lying coastal plains material composed mostly of sand. Loring and Callo-
way soil series characterize the area (11). Drainage ranges from moder-
ately good to restricted; topography is smooth, Elevation is about 600 
ft (3). Several intermittent streams cut deeply into the underlying 
sand and meander away from the study area. 
The climate is humid and temperate. A long growing season, averaging 
209 days, and high annual rainfall, averaging 51.6 inches, favor such 
vegetational growth. Mean seasonal temperatures range from 42 Fin winter 
to 78 Fin summer. 
Varied habitats exist on the study area, A red cedar (Juniperus 
virginiana) grove with an understory of broomsedge (Andropogon virginicus) 
occupies 33 acres in the southern portion of the area, North of these 
cedars lies a series of soybean (Glycine max) and cotton (Gossypium 
hirsutum) fields ranging in size from 1.2 to 40 acres. Idle ground and 
brushy cover patches encircle each field. Two strips of hardwoods run 
north and south through the 100-acre central portion of the study area. 
One strip halves the area while the other edges the western border. 
The northern portion of the study area consists of 41 acres of idle 
land interspersed with hardwood stands consisting mostly of sapling and 
pole-sized oaks (Quercus spp.), sweetgum (Liquidambar styraciflua), and 
hickories (Carya spp.). Hardwood understories range from open to dense, 
Honeysuckle (Lonicera japonica) and blackberry (Rubus sp.) characterize 
dense understories. 
In addition to agricultural usage, the study area is managed for 
quail by prescribed burning and maintaining cover strips. Twice annually, 
during December and March, the quail population is censused. The Decem-
ber census, immediately prior to this study, revealed a density of 1 
quail per 2 acres. The March census, at the termination of the study, 
indicated the population had declined to 1 quail per 2.4 acres. 
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Methods and Materials 
Quail were live-trapped on the study area to obtain birds for marking. 
Eight funnel traps, made of 0.5 inch nylon mesh sewn to steel-rod frames 
were used to capture quail. Traps were placed at the edges of merging 
cover types in areas frequented by quail. Traps were set early each morn-
ing and examined late in the morning and evening. Trapping continued for 
a maximum of 3 weeks at each site, Quail were aged, sexed, and banded; 
some were fitted with transmitters as described below, 
The heaviest bird captured from each covey was harnessed with a 
transmitter. A second quail was retained, providing a second chance to 
telemeter a covey should the first transmitter fail to perform satisfac-
torily. 
The telemetry system consisted ofa battery-operated receiver, a 
directional, hand-held antenna, and 9 transmitters, each equipped with a 
10-inch whip antenna, Transmitters emitted a continuous signal on fre-
quencies ranging from 150.830 Mc. to 151.070 Mc, RM-625 Mallory batteries 
equipped with soldering tabs powered the transmitters. Weight of an 
assembled unit was 14 g, Brander and Cochran (2) concluded that trans-
mitters on birds should constitute no more than 4% of body weight. The 
transmitter assembly used in this study averaged nearly 10% of body weight, 
but did not noticeably impair quail flight if properly balanced over the 
wings. Coveys containing telemetered quail were flushed 35 times; at each 
flush the telemetered bird flew with the covey, The trailing antenna drag-
ging through vegetation, however, may have posed a problem to the tele-
metered bird. 
Coveys containing telemetered birds were located at 2-hour intervals 
diurnally. Transmitter signals were detected by systematically searching 
covey ranges with the receiver. The bird was approached to within 30 to 
70 yards, as indicated by signal intensity, and then circled to obtain 
bearings on the position of the covey. 
Results and Discussion 
Eleven telemetered quail provided data on 5 covey ranges for periods 
ranging from 8 to 27 days (Table 1 and Fig. 1-5). The home ranges of 
these 5 coveys, determined by 69 to 134 radio telemetry locations, aver-
aged 16.7 acres. Home-range size on our study area was smaller than re-
ported elsewhere. Bartholomew (1) estimated home ranges of 4 coveys in 
southern Illinois to average 38 acres, ranging from 30 to 46 acres. His 
data, like ours, were obtained by radio telemetry during the winter, and 
represented comparable periods of observation, Roseberry (10) tracked 3 
coveys in heavy snow for about 6 weeks and reported that their average 
home range included 23.7 acres. Using mean dimensions reported by Lehman 
(7) we computed a mean home range of about 23 acres each for 10 coveys 
he studied during winter in Texas, 
Utilization of Cover Types 
The proportion of time a covey spent in each cover type during day-
light hours was measured by the proportion of occasions it was located 
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by telemetry in each type. These data were then compared with the pro-
portion of the covey's home range occupied by each cover type to deter-
mine whether or not cover types were used randomly (Table 2). Chi-square 
tests of goodness of fit for single classification frequency distri-
bution were used for statistical determinations. 
Four of the 5 coveys showed nonrandom use of cover types in their 
home ranges. Coveys 1, 3, and 5 occupied ranges containing large per-
centages of cultivated land. Use of this cover type, however, was de-
cidedly nonrandom. While an average of 31.5% of the ranges of these 3 
coveys was in cultivated land, only 4.3% of 328 telemetry locations were 
in this cover type. Bartholomew's (1) observations on time bobwhites 
spent in cornfields corroborated ours. 
A cornfield in the range of Covey 3 was the only cultivated field 
in which quail were located frequently (Fig. 3). Cornstalks and weeds 
remained standing in this field providing concealment for the covey. 
Protective cover was absent from other cultivated fields. Despite the 
limited amount of time spent there, however, cultivated land is obviously 
important to bobwhites. All coveys studied had ranges which included 
portions of a cornfield or soybean field, and these 2 cultivated grains 
composed the most important food of quail on the study area during 
winter (Eubanks, personal communication). 
Covey 2 deviated from a pattern of random utilization of its range 
although its range included little cultivated land. The majority of 
this deviation resulted from the covey's heavy utilization of a small, 
densely vegetated, marshy area. The covey's use of this marsh was 6 
times greater than random use would indicate. 
The use of cover types by Covey 4 was random. 
included only a small portion of cultivated land and 
habitat type such as the marsh described previously. 
This covey's range 
contained no unique 
Three vegetative types constituted the majority of uncultivated lands 
in the covey ranges studied; cedar woods, hardwoods, and old fields. The 
combined use of these three vegetative types by the 5 coveys was random 
(X2 = 0.7922). However, 3 of the coveys showed preferential use for 1 
or more of these types (Table 2). A major factor influencing use of the 
2 forest types by coveys was the character of its understory vegetation. 
The presence of honeysuckle or other dense understory vegetation gener-
ally increased the attractiveness of a wooded area for quail. 
Activity Centers 
Within covey ranges, activity centers of about 50 sq yards or less 
were used intensively (Fig. 1-5). Each of the 5 ranges had 2 of these 
centers, arbitrarily defined as places where the covey was found 10 or 
more times during the study. With 1 exception, each was characterized 
by honeysuckle understory in a forested area adjacent to a grain or weed 
field. Honeysuckle is a very common understory species on our study area 













National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
103
Morrison and Lewis: Full Issue
104
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
105
Morrison and Lewis: Full Issue
106
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
107
Morrison and Lewis: Full Issue
108
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
109
Morrison and Lewis: Full Issue
110
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
111
Morrison and Lewis: Full Issue
112
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
113
Morrison and Lewis: Full Issue
114
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
115
Morrison and Lewis: Full Issue
116
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
117
Morrison and Lewis: Full Issue
118
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
119
Morrison and Lewis: Full Issue
120
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
121
Morrison and Lewis: Full Issue
122
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
123
Morrison and Lewis: Full Issue
124
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
125
Morrison and Lewis: Full Issue
126
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
127
Morrison and Lewis: Full Issue
128
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
129
Morrison and Lewis: Full Issue
130
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
131
Morrison and Lewis: Full Issue
132
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
133
Morrison and Lewis: Full Issue
134
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
135
Morrison and Lewis: Full Issue
136
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
137
Morrison and Lewis: Full Issue
138
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
139
Morrison and Lewis: Full Issue
140
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
141
Morrison and Lewis: Full Issue
142
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
143
Morrison and Lewis: Full Issue
144
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
145
Morrison and Lewis: Full Issue
146
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
147
Morrison and Lewis: Full Issue
148
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
149
Morrison and Lewis: Full Issue
150
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
151
Morrison and Lewis: Full Issue
152
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
153
Morrison and Lewis: Full Issue
154
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
155
Morrison and Lewis: Full Issue
156
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
157
Morrison and Lewis: Full Issue
158
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
159
Morrison and Lewis: Full Issue
160
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
161
Morrison and Lewis: Full Issue
162
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
163
Morrison and Lewis: Full Issue
164
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
165
Morrison and Lewis: Full Issue
166
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
167
Morrison and Lewis: Full Issue
168
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
169
Morrison and Lewis: Full Issue
170
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
171
Morrison and Lewis: Full Issue
172
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
173
Morrison and Lewis: Full Issue
174
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
175
Morrison and Lewis: Full Issue
176
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
177
Morrison and Lewis: Full Issue
178
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
179
Morrison and Lewis: Full Issue
180
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
181
Morrison and Lewis: Full Issue
182
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
183
Morrison and Lewis: Full Issue
184
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
185
Morrison and Lewis: Full Issue
186
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
187
Morrison and Lewis: Full Issue
188
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
189
Morrison and Lewis: Full Issue
190
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
191
Morrison and Lewis: Full Issue
192
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
193
Morrison and Lewis: Full Issue
194
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
195
Morrison and Lewis: Full Issue
196
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
197
Morrison and Lewis: Full Issue
198
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
199
Morrison and Lewis: Full Issue
200
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
201
Morrison and Lewis: Full Issue
202
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
203
Morrison and Lewis: Full Issue
204
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
205
Morrison and Lewis: Full Issue
206
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
207
Morrison and Lewis: Full Issue
208
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
209
Morrison and Lewis: Full Issue
210
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
211
Morrison and Lewis: Full Issue
212
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
213
Morrison and Lewis: Full Issue
214
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
215
Morrison and Lewis: Full Issue
216
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
217
Morrison and Lewis: Full Issue
218
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
219
Morrison and Lewis: Full Issue
220
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
221
Morrison and Lewis: Full Issue
222
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
223
Morrison and Lewis: Full Issue
224
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
225
Morrison and Lewis: Full Issue
226
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
227
Morrison and Lewis: Full Issue
228
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
229
Morrison and Lewis: Full Issue
230
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
231
Morrison and Lewis: Full Issue
232
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
233
Morrison and Lewis: Full Issue
234
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
235
Morrison and Lewis: Full Issue
236
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
237
Morrison and Lewis: Full Issue
238
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
239
Morrison and Lewis: Full Issue
240
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
241
Morrison and Lewis: Full Issue
242
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
243
Morrison and Lewis: Full Issue
244
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
245
Morrison and Lewis: Full Issue
246
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
247
Morrison and Lewis: Full Issue
248
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
249
Morrison and Lewis: Full Issue
250
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
251
Morrison and Lewis: Full Issue
252
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
253
Morrison and Lewis: Full Issue
254
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
255
Morrison and Lewis: Full Issue
256
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
257
Morrison and Lewis: Full Issue
258
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
259























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Morrison and Lewis: Full Issue
257 
Funds supporting this presentation were provided by Tall Timbers 
Research Station, Tallahassee, Florida; the Joseph H. Thompson Fund, 
Riverbend Plantation, Quitman, Georgia; the Federal Aid in Wildlife 
Restoration Act (50 Stat. 917); and through Contract No. 14-16-0008-676 
Bureau of Sport Fisheries and Wildlife, U. S. Department of the Interior. 
Literature Cited 
1. Allen, E. A. 1930. Trichomonas in quail. J. Parasitol. 16:162. 
2. Anderson, R. C. 
Cram, 1931 
for a new 
25-33. 
1957. Taxonomic studies on the genera Aproctella 
and Carinema Pereira and Vaz, 1933 with a proposal 
genus Pseudaproctella n. gen. Can. J. Zool. 35: 
3. Barger, H. H., S. E. Park, and R. Graham. 1934. A note on the 
so-called quail disease. J. Am. Vet. Med. Assoc. 84:776-783. 
4. Barus, V. 1968. Resumen sobre la fauna de los nematodos en las 
aves del orden Galliformes en Cuba. Torreia 5:1-24. 
5. Barus, V. 1969. Nematodos de codorniz Colinus virginianus 
cubanensis (Gray). Torreia 20:1-8. 
6. Bass, C. C. 1939. Observations on the specific cause and nature 
of "quail disease" or ulcerative enteritis in quail. Proc. 
Soc. Exp. Biol. and Med. 42:377-380. 
7. Bass, C. C. 1941. Specific cause and nature of ulcerative 
enteritis in quail. Proc. Soc. Exp. Biol. and Med. 46:250-252. 
8. Beaudette, F. R., and C. B. Hudson. 1930. Dispharynx spiralis and 
Cyrnea colini infestation in quail, and Capillaria annulata 
infestation in the connnon fowl. J. Am. Vet. Med. Assoc. 76:562-
564. 
9. Benbrook, E. A. 1965. External parasites of poultry. P. 925-964. 
In H. E. Biester and L. H. Schwarte (Eds.), Diseases of 
poultry. 5th Ed. Iowa State Univ. Press, Ames. 1382 p. 925. 
10. Bequaert, J. D. 1953. The Hippoboscidae or louse flies (Diptera) 
of mannnals and birds. Part I. Structure, physiology and 
natural history. Entomol. Am. 33(N.S.):211-442. 
11. Bergstrand, J. L., and W. D. Klimstra. 1964. 
the bobwhite quail in southern Illinois. 
72:490-498. 
Ectoparasites of 
Am. Midl. Nat. 
12. Biester, H. E., and L. H. Schwarte, (Eds.). 1965. Diseases of 
poultry. 5th Ed. Iowa State Univ. Press, Ames. 1382 p. 
13. Bishopp, F. C., and H. L. Trembly. 1945. Distribution and hosts 
of certain North American ticks. J. Parasitol. 31:1-54. 
266
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
258 
14. Blakeney, W. C., Jr., and R. W. Dinnnick. 1971. Gizzard and 
intestinal helminths of bobwhite quail in Tennessee. J. 
Wildl. Mgmt. 35:559-562. 
15. Boroff, D. A., and J. R. Rielly. 1962. Studies of the toxin of 
Clostridium botulinum. Int. Arch. Allergy 20:306-313. 
16. Boughton, D. C., and J. J. Volk. 1938. Avian hosts of eimerian 
Coccidia. Bird Banding 9:139-153. 
17. Brown, J., D. L. Dawe, and R. B. Davis. 1971. Bobwhites (Colinus 
virginianus) failure as vectors of fowl cholera in turkeys. 
J. Wildl. Dis. 7:63-66. 
18. Brown, J., D. L. Dawe, R. Killingsworth, and R. B. Davis. 1970. 
Antibiotic treatment of ulcerative enteritis of bobwhite 
quail. J. Wildl. Dis. 6:8-12. 
19. Burnette, D. W. 1963. Endoparasites of the bobwhite quail, 
Colinus virginianus L. in southern Illinois. M.S. Thesis. 
Southern Ill. Univ., Carbondale. 19 p. 
20. Byrd, E. E., and F. E. Kellogg. 1971. Mediorhynchus bakeri, a 
new acanthocephalan (Gigantorhynchidae) from the bobwhite, 
Colinus virginianus virginianus (1.) J. Parasitol. 57:137-142. 
21. Campbell, H., and L. Lee. 1953. Studies on quail malaria in New 
Mexico and notes on other aspects of quail populations. N. M. 
Dept. Game and Fish, Sante Fe. 79 p. 
22. Canavan, W. P. N. 1929. Nematode parasites of vertebrates in the 
Philadelphia Zoological Garden and vicinity. Parasitology 
21:63-102. 
23. Churchill, H. M., and D.R. Coburn. 1945. Sulfonamide drugs in 
the treatment of ulcerative enteritis in quail. Vet. Med. 
40:309-311. 
~- Clapham, P.A. 
Hampshire. 
1953. Pseudotuberculosis among stockdoves in 
Nature 172:353. 
25. Clark, G. M. 1957. Observations on the Acarine family Speleognathidae 
including two previously unreported forms in game birds. J. 
Parasitol. 43(Suppl.):34. 
26. Colglazier, M. L., E. E. Wehr, R.H. Burtner, and L. M. Wiest. 
1967a. Haloxon as an anthelmintic against the cropworm 
Capillaria contorta in quail. Avian Dis. 11:257-260. 
27. Colglazier, M. L., E. E. Wehr, R.H. Burtner, and L. M. Wiest. 
1967b. Preliminary observations on the anthelmintic activity 
of methyridine against Capillaria contorta in quail. Proc. 















Morrison and Lewis: Full Issue
259 
28. Cram, E. B. 1925. New records of economically important nematodes 
in birds. J. Parasitol. 12:113-114. 
29. Cram, E. B. 1927a. Bird parasites of the nematode suborders 
Strongylata, Ascaridata, and Spirurata. U. S. Nat. Mus. 
Bull. 140. 465 p. 
30. Cram, E. B. 1927b. Nematodes of pathological significance found 
in economically important birds of North America. J. Parasitol. 
13:223. 
31. Cram, E. B. 1929a. The life history of the gizzard worm of 
ruffed grouse and bobwhite quail. J. Parasitol. 15:285-286. 
32. Cram, E. B. 1929b. A new roundworm parasite, Strongyloides avimn 
of the chicken with observations on its life history and 
pathogenicity. North Am. Vet 10(8):27-30. 
33. Cram, E. B. 1930a. 
J. Parasitol. 
New host records for Strongyloides avimn. 
17:55-56. 
34. Cram, E. B. 1930b. Parasitism in game birds. Trans. Am. Game 
Conf. 17:203-206. 
35. Cram, E. B. 1930c. Porcellio scaber as intermediate host of 
Dispharynx spiralis of birds in this country. J. Parasitol. 
16:169. 
36. Cram, E. B. 1931a. Developmental stages of some nematodes of the 
Spiruroidea parasitic in poultry and game birds. USDA Tech. 
Bull. No. 227. 27 p. 
37. Cram. E. B. 1931b. Recent findings in connection with parasites 
of game birds. Trans. Am. Game Conf. 18:243-247. 
38. Cram, E. B. 1932. Additional observations on bird hosts of 
Dispharynx spiralis. J. Parasitol. 18:310. 
39. Cram, E. B. 1933. 
J. Parasitol. 
A new species of Tetrameres from the bobwhite. 
19:245-246. 
40. Cram, E. B. 1934a. Observations on the life history of Tetrameres 
pattersoni. J. Parasitol. 20:97-98. 
41. Cram, E. B. 
colini. 
1934b. Observations on the life history of Seurocyrnea 
J. Parasitol. 20:98. 
42. Cram, E. B. 1936. Species of Capillaria parasitic in the upper 
digestive tract of birds. USDA Tech. Bull. No. 516. 28 p. 
43. Cram, E. B. 1939. Redescription and emendation of the genus 
Aproctella (Filariidae), nematodes from gallinaceous birds. 












National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
260 
44. Cram, E. B., and M. F. Jones. 1929. Observations on the life 
histories of Raillietina cesticillus and of Hymenolepis 
carioca, tapeworms of poultry and game birds. North Am. Vet. 
10(2):49-51. 
45. Cram, E. B., M. F. Jones, and E. A. Allen. 1931. 
sites and parasitic diseases of the bobwhite. 
In H. L. Stoddard, (Ed.), The bobwhite quail; 






46. Cram, E. B., and E. E. Wehr. 1934. The status of species of 
Trichostrongylus of birds. Parasitology 26:335-339. 
47. Cunningham, C.H. 1941. 
Am. Vet. Med. Assoc. 
48. Cunningham, C.H. 1943. 
Vet. Res. 4:190-193. 
Paratyphoid infection in quail. 
99:217. 
Paratyphoid infection in quail. 
J. 
Am. J. 
49. Davis, J. W., R. C. Anderson, L. Karstad, and D. O. Trainer, (Eds.). 
1971. Infectious and parasitic diseases of wild birds. 
1st Ed. Iowa State Univ. Press, Ames. 344 p. 
50. Davis, D. E., L. D. Schwartz, and H. E. Jordon. 1964. A case 
report: Chilomastix sp. infection in pen raised quail. 
Avian Dis. 8:465-470. 
51. Davis, R. B., J. Brown, and D. L. Dawe. 1971. Quail - biological 
indicators in the differentiation of ulcerative and necrotic 
enteritis of chickens. Poult. Sci. 50:737-740. 
52. Davis, R. B., R. E. Good, J. T. Tumlin, and J. Brown. 1969. An 
effective anthelmintic in treatment of quail with Capillaria 
contorta. Avian Dis. 13:690-691. 
53. Dawe, D. L., J. Brown, R. B. Davis, and F. E. Kellogg. 1969. 
Effectiveness of Maretin and Meldane as treatments for cap-
illariasis in bobwhites. Avain Dis. 13:662-667. 
54. Dixon, J.M., and J. H. Roberson. 1967. Case report: aberrant 
larvae of Physaloptera sp. in a quail (Colinus virginianus). 
Avian Dis. 11:41-44. 
55. DuBose, R. T. 1967. Quail bronchitis. Bull. Wildl. Dis. Assoc. 
3: 10-13. 
56. DuBose, R. T. 1971. Quail bronchitis. p. 42-47. In J. W. Davis, 
R. C. Anderson, L. Karstad, and D. 0. Trainer (Eds.), Infectious 
and parasitic diseases of wild birds. 1st Ed. Iowa State 
Univ. Press, Ames. 344 p. 
269
Morrison and Lewis: Full Issue
261 
57. DuBose, R. T., and L. C. Grumbles. 1959. The relationship be-
tween quail bronchitis virus and chicken embryo lethal 
orphan virus. Avian Dis. 3:321-344. 
58. DuBose, R. T., L. C. Grumbles, and A. I. Flowers. 1958. The iso-
lation of a nonbacterial agent from quail with a respiratory 
disease. Poult. Sci. 37:654-658. 
59. DuBose, R. T., L. C. Grumbles, and A. I. Flowers. 1960. Dif-
ferentiation of quail bronchitis virus and infectious 
bronchitis by heat stability. Am. J. Vet. Res. 21:740-743. 
60. Durant, A. J., and E. R. Doll. 1941. Ulcerative enteritis in 
quail. Mo. Agric. Exp. Sta. Res. Bull. No. 325. 27 p. 
61. Durfee, T., and M. W. Lerner. 1940. A coliform intermediate from 
diseased quail. J. Am. Vet. Med. Assoc. 96:245-246. 
62. Edwards, P.R. 1936. The occurrence of Salmonella, Oranienburg 
type, in an infection of quail. J. Bacteriol. 32:259-263. 
63. Emerson, K. C. 1951. A list of Mallophaga from gallinaceous 
birds of North America. J. Wildl. Mgmt. 15:193-195. 
64. Ennnel, M. W. 1936. 
Vet. Med. Assoc. 
Pullorum disease in captive quail. 
89: 716-717. 
J. Am. 
65. Fenstermacher, R., B. S. Pomeroy, and W. A. Malmquist. 1946. 
Newcastle disease in Minnesota. Proc. U. S. Livestock 
Sanitary Assoc. 1946:151-157. 
66. Fox, I. 1940. Fleas of the eastern United States. Iowa State 
College Press, Ames. 191 p. 
67. Gallagher, B. A. 1916. Epithelioma contagiosum of quail. J. 
Am. Vet. Med. Assoc. 50:366-369. 
68. Gallagher, B. A. 1921. Coccidia as a cause of quail disease. 
J. Am. Vet. Med. Assoc. 59:85-88. 
69. Goble, F. C., and H. L. Kutz. 1945. The genus Dispharynx 
(Nematoda: Acuariidae) in galliform and passeriform birds. 
J. Parasitol. 31:323-331. 
70. Goldhaft, T. M. 1965. Diseases of game birds. Proc. Ann. Poult. 
Health and Mgmt. Short Course, Dept. of Poult. Sci., Clemson 
Univ., Clemson, South Carolina. 9:50-58. 
71. Graham, R. 1936. Salmonella isolated from baby quail. J. Am. 
72. 
Vet. Med. Assoc. 88:763-764. 
Green, R. G. 1931. 
Am. Game Conf. 













National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
262 
73. Green, R. G., and E. M. Wade. 1929. A natural infection of quail 
by~- tularense. Proc. Soc. Exp. Biol. and Med. 26:626-627. 
74. Hardcastle, A. B. 1943. A check list and host-index of the species 
of the protozoan genus Eimeria. Proc. Helminthol. Soc. Wash. 
10:35-69. 
75. Herman, C. M. 1962. The role of birds in the epizootiology of 
eastern encephalitis. Auk 79:99-103. 
76. Hightower, B. G., V. M. Lehmann, and R. B. Eads. 1953. 




77. Hofstad, M. S. 1965. Quail bronchitis. P. 619-620. In H. E. 
Biester and L. H. Schwarte (Eds.), Diseases of poultry. 
5th Ed. Iowa State Univ. Press, Ames. 1382 p. 
78. Jones, M. F. 1929. Tapeworms of the genera Rhabdomertra and 
Paruterina found in the quail and yellow-billed cuckoo. 
Proc. U. S. Nat. Mus. 75(20):1-8. 
79. Jones, M. F. 1930. New host records for bird cestodes. J. 
Parasitol. 16:159. 
80. Jones, M. F., and J. E. Alicata. 1935. Development and morphology 
of the cestode Hymenolepis cantaniana in coleopteran and 
avian hosts. J. Wash. Acad. Sci. 25:237-247. 
81. Kabat, C., and R. D. Thompson. 1963. Wisconsin quail, 1834-1962 
population dynamics and habitat management. Wisc. Conserv. 
Dept. Tech. Bull. No. 30. 135 p. 
82. Katz, J. 1941. 
Parasitol. 
A collection of Ohio ticks and their hosts. 
27:467-468. 
J. 
83. Kellogg, F. E., and J.P. Calpin. 1971. A checklist of parasites 
and diseases reported from the bobwhite quail. Avian Dis. 
15:704-715. 
84. Kellogg, F. E., and A. K. Prestwood. 1968. Gastrointestinal 
helminths from wild and pen-raised bobwhites. J. Wildl. 
Mgmt. 32:468-475. 
85. Kellogg, F. E., and W. M. Reid. 1970. Bobwhites as possible 
reservoir hosts for blackhead in wild turkeys. J. Wildl. 
Mgmt. 34:155-159. 
86. Kirkpatrick, C. M., and H. E. Moses. 1953. The effects of 
streptomycin against spontaneous quail disease in bobwhites. 











Morrison and Lewis: Full Issue
263 
87. Kirkpatrick, C. M., H. E. Moses, and J. T. Baldini. 1950. 
Streptomycin studies on ulcerative enteritis in bobwhite 
quail. I. Results of oral administration of the drug to 
manually exposed birds in the fall. Poult. Sci. 29:561-569. 
88. Kirkpatrick, C. M., H. E. Moses, and J. T. Baldini. 1952a. The 
effects of certain antibiotic products in feed on experimental 
ulcerative enteritis in quail. Am. J. Vet. Res. 13:99-101. 
89. Kirkpatrick, C, M., H. E. Moses, and J. T. Baldini. 1952b. 
Streptomycin studies on ulcerative enteritis in bobwhite quail. 
II. Concentrations of streptomycin in drinking water sup-
pressing the experimental disease. Am. J. Vet. Res. 13: 
102-104. 
90. Lehmann, V. W. 1953. Bobwhite population fluctuations and vita-
min A. Trans. N. Am. Wildl. Conf. 18:199-246. 
91. Levine, N. D. 1953. A review of the Coccidia from the avian 
orders Galliformes, Anseriformes, and Charadriiformes, with 
description of three new species. Am. Midl. Nat. 49:696-719. 
92. Levine, N. D., L. E. Boley, and H. R. Hester. 1941. Experimental 
transmission of Trichomonas gallinae from the chicken to 
other birds. Am. J. Hyg. 33(section C):23-32. 
93. Levine, P. P. 1938. 
columbae (Reed). 
Infection of the chicken with Capillaria 
J. Parasitol. 24:45-52. 
94. Lund, E. V., and A. M. Chute. 1971. Bobwhite, Colinus virginianus, 
as host for Heterakis and Histomonas. J. Wildl. Dis. 7:70-
75. 
95. Madden, D. L., W. H. Henderson, and H. E. Moses. 1967. Isolation 
of Mycoplasma gallisepticum from bobwhite quail (Colinus 
virginianus). Avian Dis. 11:378-380, 
96. 
97. 
Malcomson, R. 0. 
Wilson Bull. 
1960. Mallophaga from birds of North America. 
72: 182-197. 
Moore, E. J. 1933. 
Sportsman 2:28. 
1945.) 
The parasite problem in game birds. Atlantic 
(Orig. not seen, cited by Goble and Kutz, 
98. Morley, L. C. 1933. Diseases of quail in captivity. P. 153-
160. In L. B. Smith (Ed.), American game preserve shooting. 
Winward House, New York. 200 p. 
99. Morley, L, C. 1935. Recent observations on game farm losses. 
Trans. Am. Game Conf. 21:232-237. 
100. Morley, L. C., and P. W. Wetmore. 1936a. Discovery of the organism 









National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
264 
101. Morley, L. C., and P. W. Wetmore. 1936b. 
tive enteritis in upland game birds. 
The etiology of ulcera-
Science 84(2177):272-273. 
102. Morris, J. A. 1948. The use of complement fixation test in the 
detection of ulcerative enteritis in quail. Am. J. Vet. Res. 
9:102-103. 
103. Morse, G. B. 1907. Quail disease in the United States. USDA, 
Bur. of Anim. Industry, Cir. No. 109. 11 p. 
104. Neylans, 0. S. 1952. Helminth parasites of birds from selected 
areas in the southeastern United States. M.S. Thesis. Univ. 
of Ga., Athens. 119 p. 
105. Olson, N. 0. 1950. A respiratory disease (bronchitis) of quail 
caused by a virus. Proc. U.S. Livestock Sanitary Assoc. 
1950; 171-174. 
106. O'Roke, E. C. 1933. Some important problems in game bird pathology. 
Trans. Am. Game Conf. 19:424-431. 
107. Palermo, R. J., and G. L. Doster. 1970. A comparison of the 
late winter foods and parasites of bobwhite quail and black 
francolins in southwestern Louisiana. Proc. Ann. Conf. 
Southeastern Assoc. Game and Fish Connn. 24:206-212. 
108. Parker, R.R. 1929. Quail as a possible source of tularemia in 
man. Public Health Rep. 44:999-1000. 
109. Parker, R.R., C. B. Phillip, and G. E. Davis. 1932. Tularemia: 
occurrence in the sage hen, Centrocercus urophasianus. 
Also report of additional cases following contacts with 
quail, Colinus virginianus. Public Health Rep. Wash. 47: 
479-487. 
110. Parmalee, P. W. 1952. Ecto- and endoparasites of the bobwhite: 
their numbers, species, and possible importance in the 
health and vigor of quail. Trans. N. Am. Wildl. Conf. 
17: 174-188. 
111. Parmalee, P. W., and M.A. Price. 1953. Bruellia illustris 
(Kellogg) and other ectoparasites from the bobwhite quail in 
Texas. J. Parasitol. 39:222-223. 
112. Peckman, M. C. 1959. An anaerobe, the cause of ulcerative 
enteritis, "quail disease." Avian Dis. 3:471-478. 
113. Peckham, M. C. 1960. Further studies on the causative organism 
of ulcerative enteritis. Avian Dis. 4:449-456. 
114. Peckham, M. C. 1965. Ulcerative enteritis, quail disease. 
P. 481-493. In H. E. Biester and L. H. Schwarte (Eds.), 
Diseases of poultry. 5th Ed. Iowa State Univ. Press, Ames, 
1382 p. 
273
Morrison and Lewis: Full Issue
265 
115. Peckham, M. C. 1971. Quail disease (ulcerative enteritis). 
P. 95-99. In J. W. Davis, R. C. Anderson, L. Karstad, and 
D. O. Trainer (Eds.), Infectious and parasitic diseases of 
wild birds. 1st Ed. Iowa State Univ. Press, Ames. 344 p. 
116. Peckham, M. C., and R. Reynolds. 1962. The efficacy of chemo-
therapeutic drugs in the control of experimental ulcerative 
enteritis in quail. Avian Dis. 6:111-118. 
117. Pellerdy, L. P. 1965. Coccidia and coccidiosis. Puhl. House of 
Hungarian Sci., Budapest. 657 p. 
118. Perez Vigueras, I. 1936. Notas sabre la fauna parasitologica de 
Cuba. Parte I: Vermes (continuacion). Mem. Soc. Cubana 
Hist. Nat. 10(2):53-86. (Orig. not seen, cited by Barus, 
1968). 
119. Peters, H. S. 1936. A list of external parasites fran birds of 
the eastern part of the United States. Bird Banding 7:9-27. 
120. Pickens, E. N., H. M. Devolt, and J.E. Shillinger. 1932. An 
outbreak of quail disease in bobwhite quail. Maryland 
Conserv. (9)(2). (Orig. not seen, cited by Durant and Doll, 
1941). 
121. Read, C. P. 1949. Studies on North American helrninths of the 
genus Capillaria Zeder, 1800 (Nematoda). III. Capillarids 
from the lower digestive tract of North American birds. J. 
Parasitol. 35:240-249. 
122. Rhoades, H. E. 1946. Salmonella bareilly in quail. N. Am. Vet. 
27:419. 
123. Roslien, D. J., P. L. Fore, and A. 0. Haugen. 1962. Blood 
parasites in relation to pheasants and quail in Iowa. J. 
Iowa Acad. Sci. 69:239-244. 
124. Sawada, I. 1964. On the genus Raillietina Fuhrmann 1920 (I). 
J. Nara Gakugei Univ. (Nat.). 12:19-36. 
125. Sawada, I. 1965. On the genus Raillietina Fuhrmann 1920 (II). 
J. Nara Gakugei Univ. (Nat.). 13:5-39. 
126. Shillinger, J. E. 1932. Prevention and control of disease in 
propagated game birds. Trans. Am. Game Conf. 19:320-327. 
127. Shillinger, J. E., and D.R. Coburn. 1940. Diseases of game 
birds. Vet. Med. 35:124-127. 
128. Shillinger, J.E., and L. C. Morley. 1934. Studies on ulcerative 
enteritis in quail. J. Arn. Vet. Med. Assoc. 84:26-33. 
274





Shillinger, J.E., and L. C. Morley. 1937. Diseases of upland 
game birds. USDA Fanner's Bull. No. 1781. 34 p. 
Sneed, K., and G. Jones. 
in Oklahoma quail. 
1950. A preliminary study of coccidiosis 
J. Wildl. Mgmt. 14:169-174. 
Sonenshine, D. E., and I. J. Stout. 1970. A contribution to the 
ecology of ticks infesting wild birds and rabbits in the 
Virginia-North Carolina Piedmont (Acarina: Ixodidae). 
J. Med. Entomol. 7:645-654. 
132. Stafseth, H. J. 1958. Advances in knowledge of poultry diseases 
over the past fifty years. Poult. Sci. 37:741-775. 
133. Stoddard, H. L. 1931. 
tion, and increase. 
559 p. 
The bobwhite quail; its habits, preserva-
Charles Scribner's Sons, New York. 
134. Stoddard H. L. 1961. The Cooperative Quail Study Association, 
May 1, 1931-May 1, 1943. Misc. Pub. No. 1:27,173. Tall 
Timbers Res. Sta., Tallahassee, Florida 500 p. 
135. Thomas, E. F. 1930. Capillaria annulata in quail. J. Am. Vet. 
Med. Assoc. 76:95. 
136. Tyzzer, E. E. 1929. Coccidiosis in gallinaceous birds. Am. J. 
Hyg. 10:269-383. 
137. Tyzzer, E. E., A. W. Sellards, and B. L. Bennett. 1938. The 
occurrence in nature of "equine encephalomyelitis" in the 
ringneck pheasant. Science 88:505-506. 
138. Tyzzer, E. E., H. Theiler, and E. E. Jones. 1932. Coccidiosis 
in gallinaceous birds. Am. J. Hyg. 15:319-393. 
139. Van Kruiningen, H.J., and S. B. Blodgett. 1971. Tyzzer's 
disease in a Connecticut rabbitry. J. Am. Vet. Med. Assoc. 
158: 1205-1212. 
140. Venard, C. 1933. Helminths and coccidia from Ohio bobwhite. J. 
Parasitol. 19:205-208. 
141. Walker, W. S. 1970. Raising bobwhite quail for connnercial use. 
Clemson Univ. Agric. Exp. Sta. Circular 514, Clemson, S. C. 
42 p. 
142. Waller, E. F. 1939. Erysipelothrix infection in a quail. J. 
Am. Vet. Med. Assoc. 95:512-513. 
143. Walton, A. C. 1927. A revision of the nematodes of the Leidy 
collections. Proc. Acad. Nat. Sci. Phila. 79:49-163. 
275
Morrison and Lewis: Full Issue
267 
144. Ward, J. W. 1945a. A new locality for five species of helminth 
parasites of the bobwhite quail. Proc. Helminthol. Soc. 
Wash. 12:71-72. 
145. Ward, J. W. 1945b. Parasite studies of quail, Colinus virginianus 
texanus, in Mississippi. J. Parasitol. 3l(Suppl.):23. 
146. Watts, D. M., and J.E. Williams. 1972. Experimental infection 
of bobwhite quail (Colinus virginianus) with western equine 
encephalitis (WEE) virus. J. Wildl. Dis. 8:44-48. 
147. Webster, J. D. 1944. A new cestode from the bobwhite. Trans. 
Am. Micros. Soc. 63:44-45. 
148. Webster, J. D. 1947. Helminths from the bobwhites in Texas, with 
descriptions of two new cestodes. Trans. Am. Micros. Soc. 
66:339-343. 
149. Webster, J. D. 
Parasitol. 
1948. A new acanthocephalan from the bobwhite. J. 
34: 84-86. 
150. Webster, J. D. 1951. Additional notes on the helminth parasites 
of the bobwhite in Texas. J. Parasitol. 37:322-323. 
151. Webster, J. D., and C. J. Addis. 1945. 
white quail in Texas. J. Parasitol. 
Helminths from the bob-
31:286-287. 
152. Wehr, E. E. 1965. Nematodes and acanthocephalids of poultry. 
p. 965-1005. In H. E. Biester and L. H. Schwarte (Eds.), 
Diseases of poultry. 5th Ed. Iowa State Univ. Press, Ames. 
1382 p. 
153. Wetmore, P. W. 1939. A species of Plasmodium from the sharp-
tailed grouse infective to other birds. J. Wildl. Mgmt. 
3:361-364. 
154. Wetmore, P. W. 1941. Blood parasites of birds of the District 
of Columbia and Patuxent Research Refuge vicinity, J. 
Parasitol. 27:379-393. 
155. Wickliff, E. L. 1932, Game research in Ohio, Trans. Am. Game 
Conf. 19:351-361. 
156. Williams, J. E., 0. P. Young, D, M, Watts, and T, J, Reed, 1971. 
Wild birds as eastern (EEE) and western (WEE) equine 
encephalitis sentinels, J. Wildl, Dis, 7:188-194. 
157, Wiseman, J. S, 1968, A previously undescribed species of 
Menacanthus (Mallophaga: Menoponidae) from bobwhite quail. 
J. Kans, Entomol. Soc, 41:57-60. 
158. Yamaguti, S. 1961. 
of vertebrates. 
System.a helminthum Vo. III. The nematodes 
Interscience Publishers, New York, 1261 p. 
159. Yoder, H. W., Jr., and M, S. Hofstad, 1964, Characterization of 
avian mycoplasma, Avian Dis, 8:481. 
276
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
268 
SOME ASPECTS OF THE DYNAMICS OF A HUNTED BOBWHITE POPULATION 
John L. Roseberry and W. D. Klimstra, Cooperative Wildlife Research 
Laboratory, Southern Illinois University, Carbondale. 
Abstract: 
Dynamics of a hunted bobwhite population have been investigated 
on a 1,450-acre study area near Carbondale, Illinois since 1952. Habi-
tat conditions have not changed greatly during the study, and November 
densities have oscillated regularly about a rather stable long-term 
mean. Most of the variance of annual rates of population change is 
due to variation in net productivity from spring to fall rather than 
to variation in net losses from fall to spring. Population declines 
from November to April averaged 66% (range 36 to 81%); about 0.66 of this 
resulted from hunting. Post-hunting mortality, which was slightly 
density-related, partially compensated for hunting losses. Spring 
densities were correlated with (r = +o.75) and almost as variable as 
preceding fall populations. Net increases from spring to fall varied 
from 17 to 383 and averaged 235% of the breeding population. Multiple 
regression analysis sho~ed tnat annual rates of productivity were 
significantly influenced by the combined effect of breeding density, 
length of snow cover during the previous 2 winters, and amounts of 
prenesting rainfall. Annual rates of population change were inversely 
related to the preceding fall density, but strong correlations between 
successive seasonal population levels caused periods of change as 
well as highs and lows to persist for several years. Major highs and 
lows each occurred at 8- to 10-year intervals. It was not clear 
whether 2 severe winters caused the apparent cyclic regularity or 
merely accentuated the lows. 
Introduction and Methods 
In 1952, the Cooperative Wildlife Research Laboratory (CWRL) of 
Southern Illinois University and the Illinois Natural History Survey 
initiated a long-term investigation of the dynamics of a hunted bob-
white population on 1,450 acres of privately owned, unmanaged farmland 
(Carbondale Research Area) in southern Illinois. From 1953 to the 
present, seasonal population levels have been censused by crews of 
6-12 men using trained bird dogs. Counts are made in early November 
(prehunting), early January (posthunting), mid February and late 
March prior to covey breakup. During the hunting season, each hunter 
is interviewed and his quail checked to determine size and composition 
of the harvest and total hunting pressure. Land-use and cover condi-
tions have been recorded continuously since the project began. From 
1953 through 1963 field crews attempted to locate and study all nests 
on the area. 
Maximum census error is estimated at ±10% and average deviations 
~5%. Hunting pressure and harvest estimates (which include known 
cripples) are minimal but thought to be at least 95% accurate. Annual 
trends in quail abundance in southern Illinois, as determined from 
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wing collections and hunter questionnaires (unpublished data, CWRL), 
have been similar to those on the Carbondale Research Area (CRA) with 
1 exception. The 1960 decline was apparently much less severe on our 
study area than throughout the entire region of southern Illinois. 
The research area is located about 5 miles northeast of Carbondale 
at 37° 46' N latitude. Topography is gently rolling, and unimproved 
soils are of low to very low permeability and productivity. The climate 
is characterized by relatively hot, humid summers and mild to occasionally 
cold winters. Annual precipitation averages 44.8 inches with 54% 
occurring from April through September (3). Maximum daily temperatures 
average 89.8 F during the period June through August. January is the 
coldest month with daily lows averaging 25.4 F. Temperatures of OF or 
less occur, on the average, only 1 day a year. During the study, the 
number of days with ground snow cover~ 1 inch averaged 12.6 and ranged 
from 3 to 36. 
Land use has averaged about 30% intertilled crops, 30% forage, 8% 
small grains, 21% idle and fallow, 10% woods, and 1% miscellaneous. 
Seventeen lots averaging 8.6 acres in size (range 2 to 32 acres) con-
stitute most of the wooded acreage. These lots have remained 
essentially stable, but fencerow and roadside cover had declined. Idle, 
fallow, and forage acreages have increased slightly, primarily at the 
expense of small grains and to a lesser extent of intertilled crops. 
From 1953 through 1958, corn was the principal crop, with only 27% of the 
intertilled acreage planted to soybeans. During the next 9 yr, soy-
bean acreage increased to 57% and since 1968 has constituted over 70% 
of the intertilled acreage. Subjectively, it appears that secondary 
plant succession has caused some deterioration of nesting habitat in 
several fields formerly utilized heavily for nesting. Conversely, 
some prime habitat has been developed by land use and secondary 
succession in other parts of the area. 
Of the many past and present graduate and undergraduate workers 
of the Laboratory and the long hours they spent in the field collecting 
data, we are deeply appreciative. We also thank Tony J. Peterle, Ohio 
State University, William R. Edwards, Illinois Natural History Survey, 
and Samuel R. Jewell, Southern Illinois University, for their helpful 
criticisms of the manuscript. 
Population Levels and Fluctuations 
Although there has been considerable annual variation in November 
and March population levels on the CRA (Fig. 1), a degree of long-term 
stability is evident. Net population changes between November 
censuses (i.e. annual population changes) have exceeded 15% in 12 of 
the 18 years of study. Six of these changes have been increases aver-
aging almost 41% and 6 have been declines averaging just over 30%. The 
net population change for the 18-yr period is +4.3%. The maximum 
November density was 1 bird per 2.2 acres and the minimum 1 bird per 
8.2 acres. 
Most populations are likely to fluctuate annually even under 
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conditions of relatively stable habitat (2Li), but the level about which 
these fluctuations occur is a function of habitat quality among other 
things. Wagner et al. (36) stressed the importance of maintaining the 
distinction between population balance and density determination when 
attempting to explain population behavior. We believe that overall 
habitat conditions on the Carbondale Research Area during these in-
vestigations have been sufficiently stable to permit a discussion of 
factors other than habitat that may be influencing annual fluctuations. 
We realize, however, that subtle, short-term changes in habitat quality 
may have caused some of the variance in seasonal population levels and 
thus in estimated rates of productivity and mortality. 
Fig. 2 represents a simplified compartmental model of some of the 
more important components and interactions contributing to annual pop-
ulation change on the study area. Except for sampling error, these 
annual changes and their variance are accounted for by the 2 major 
components of the model, i.e. net losses from fall to spring and net 
gains from spring to fal 1. The relative importance or input of 
recognizable components of any system should be understood before 
attempting to interpret the subcomponents (22). Thus, we attempted to 
determine how much of the variation in annual population change was 
attributable to variation in net rates of gain from spring to fall as 
opposed to rates of loss from fall to spring. Initially, we cast 
rates of gain and loss as independent variables in a multiple regression 
model which predicted annual population change, then examined the 
several indicators of relative "importance" (4). However, Tukey (33) 
and Darlington (4) have warned that any attempt to quantify exactly 
the relative importance or contribution of each individual predictor 
variable in a set is probably not advisable when there is intercorrela-
tion among these predictors. Consequently, we will merely state that 
differences in rates of productivity from spring to fall have contributed 
substantially more to the variance of annual population change than 
have rates of loss from fall to spring. 
Net Losses from Fall to Spring 
Population decline from November to April is the cumulative result 
of hunter harvest, natural mortality, and the effect of differential 
ingress-egress. No attempt will be made here to distinguish between 
losses due to mortality and egress. We have observed that while some 
covey movement across study area boundaries does occur during this 
time, the net result is not great. Thus, most nonhunting losses 
actually reflect mortality, most of which are believed due to predation. 
November to April losses have averaged 66.2%. During the seasons 
of 1970-71 and 1971-72, low fall populations declined only 36 and 37%, 
respectively. Prior to these years, winter losses varied only from 
60 to 81% (Table 1). Of the total number of birds lost each year from 
November to April, hunting takes an average of 67% while natural 
mortality during the hunting season and from January through March 
accounts for 11 and 22%, respectively. 
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The percentage of birds removed from the fall population by hunters 
has averaged 43.9% (range 22.3 to 67.1). Annual rates of harvest have 
not been strongly correlated with fall densities (r = +o.33). However, 
the harvest rate is correlated with the amount of hunting pressure 
(r = +o.84), which has varied from 162 to 457 and averaged 321 gun 
hours per season. No strong correlation exists between fall densities 
and hunting pressure even though late-season declines in effort were 
often noticeable during years of low populations. Kill per unit effort 
averaged 0.61 bird per gun hour (range 0.25 to 1.16) and, as would be 
expected, was strongly correlated with fall population size (r = +o.90). 
Percent population decline from November to April is definitely 
related to hunter harvest rates (r = +o.60) but the correlation does 
not seem particularly strong because harvested birds usually constitute 
0.66 of all losses during this period. Apparently, rates of harvest 
and total winter loss are not more closely correlated because posthunt 
mortality from January through March is somewhat dependent (r = +o.32) 
on January densities which in turn depend partially on harvest rates. 
The slight density-related nature of these posthunt losses may reflect 
Errington's contention (5,6,7) that predation varies directly with 
population density in relation to habitat quality. The fact that pop-
ulations are lowered by hunting on our study area may reduce the effect 
of density on late-winter mortality. 
While some compensation to hunting is effected by the slight density-
related nature of posthunt losses, hunting does increase total winter 
loss to some degree. On a nearby nonhunted study area, we found winter 
losses to average about 54% which may not be an unrealistic approximation 
of what they would be on the CRA if it were not hunted. There is prima 
facie evidence that the CRA population is maintaining equilibrium in 
spite of annual harvests which average 44%. However, stabilization 
of an exploited population does not necessarily mean that it exists at 
natural equilibrium density (35). We will pursue this question in a 
later paper. 
As shown in Fig. 3, annual breeding densities are quite dependent 
on (r = +o.75), and almost as varia~le as, preceding fall densities 
(coefficients of variation= 31.4 ana 34.3%, respectively). The strong 
correlation between these 2 seasonal levels implies that fall to 
spring mortality rates are mostly independent cf fall densities. 
Actually, a moderate correlation (r = +o.54) exists between November 
densities and percent declines from November to April. However, this 
correlation is due almost entirely to the seasons of 1970-71 and 1971-72, 
when both variates were quite low. Prior to 1970, the small variations 
in rates of winter loss appeared to be independent of fall densities, 
possibly because (A) harvest rates, which contribute substantially to 
total losses, are apparently not density-related and (B) the relatively 
heavy annual harvests may tend to keep posthunt populations below the 
area's late-winter carrying capacity. This latter possibility is 
further suggested by the apparent lack of a relationship between winter 
weather and rates of nonhunting losses. 
280
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
272 
Latham and Studholme (19) said that of all the environmental 
factors affecting the bobwhite, snow caused the greatest hardship. 
Studies of lightly or nonhunted populations in Wisconsin (12), Iowa 
(16), and Virginia (21) all demonstrated a positive correlation between 
length of snow cover and winter losses. The detrimental effect of 
snow on bobwhite survival has been noted also in Missouri (32). Using 
multiple linear regression (MLR), we tested the effects of length of 
snow cover and low temperatures on posthunting survival, but no relation-
ship was evident at any level of population density. The fact that 
weather has not had a measurable influence on survival over the entire 
range of our data does not mean that losses, either directly or in-
directly attributable to weather, have not occurred. Mortality amounting 
to 18% of the mid-February population accompanied a 23-day period of 
severe weather in late winter, 1960 (26). Field observations suggested 
that these losses, which mainly resulted from increased vulnerability 
to predation, would have been considerably higher if most coveys had 
not had access to standing corn and soybeans left unharvested the 
previous fal 1. 
Net Productivity From Spring to Fall 
Net population increases from March to November expressed as 
percentages of March populations are referred to in subsequent dis-
cussion as percent summer gains. These gains, which have ranged from 
17 to 383 ani averaged 235%, are strongly correlated with corresponding 
rates of annual population change (r = +o.74; Fig. 4). Variations in 
percent summer gains could be influenced by differences in reproductive 
rates or survival of chicks or both, Mortality of adult hens could also 
be involved although most of such losses are thought to occur after 
hatching (12,27) and thus would not influence reproduction. Lack (17,18) 
believed that density-·related variation in rates of surrnner gain re-
flected differences in survival of young rather than reproductive rates; 
Hickey (9) agreed with this assumption .. £onversely, we feel that varia-
tion in annual surrnner gains on the CRA is Lnfluenced more by differences 
in the number of chicks that hatch than by variation in rates of 
survival. 
We have no direct data on chick mortality, estimated at 2 to 4% 
per week in other areas (12,14,28). However, from 1954 to 1963, there 
was a correlation of +0.85 between the ratio of the known number of 
chicks hatching to the estimated breeding population and the percent 
summer gain. This implies that 72% of the variation in gains was 
attributable to variation in the number of chicks hatching versus the 
estimated breeding population, thus leaving only 28% of the variance 
to be associated with other factors such as survival rates of chicks. 
Our nesting studies indicated that total and relative productivity 
were not influenced by annual differences in mean clutch size or 
hatchability rates of eggs, but did correlate directly with the number 
of successful nests found in relation to the estimated breeding popula-
tion. Further, differences in annual rates of successful nests per 
breeding bird were due not so much to differences in the proportion of 
total nests that hatched as in the total number of nests built. 
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In an attempt to interpret the influence of weather on productivity, 
we calculated average maximum, minimum, and mean daily temperatures 
and total rainfall for 10-day intervals throughout the year. These 
data were tested, by simple correlations against the corresponding percent 
of gains during sunnner to select biologically meaningful parameters of 
temperature and moisture conditions during the periods of winter, 
prenesting, egg laying, and hatching. The following predictor variables 
were thus selected and tested by step-wise multiple linear regression in 
an IBM 360 computer for their combined and individual contribution to 
the variance of yearly rates of sunnner gain from 1954 through 1971 
(criterion variance): 
(1) breeding density 
(2) number of days of snow cover ~l inch during the previous winter 
(3) number of days of snow cover ~l inch during 2 winters previous 
(4) average minimum daily temperature during the previous 
1 February to 21 March 
(5) average mean daily temperature from 22 March to 30 April 
(6) total rainfall from 22 March to 30 April 
(7) average maximum daily temperature from 1 May to 19 July 
(8) total rainfall from 1 May to 19 July 
(9) average maximum daily temperature from 1 July to 28 August 
(10) total rainfall from 1 July to 28 August 
When considered in the presence of (with knowledge of) the other 
predictors, breeding density, snow cover during the previous 2 winters, 
and rainfall from 22 March to 30 April, were each found to account 
individually for a significant (P<0.001) portion of the criterion 
variance. Collectively, these predictors acco~nted for almost 75% of 
the variance in annual rates of sunnner gain (R = 0.747; P<0.01). 
None of the remaining variables contributed significantly (P.>0.05) to 
the predictability of rates of sunnner gain. Although the mechanism by 
which the variables influence productivity is not revealed by the MLR 
analysis, the extent and form of this influence is indicated. First 
high breeding density and snow cover during the previous 2 winters 
tended to depress gains while prenesting rainfall increased productivity. 
Secondly, breeding density and snow cover during the previous winter 
had a greater effect on rates of gain than did prenesting rainfall or 
snow cover 2 winters previously. Thirdly, the negative regression 
of productivity on snow cover in the previous winter was significantly 
(P<0.001) curvilinear with the detrimental effect becoming relatively 
greater as length of snow cover increased. 
Several previous studies of bobwhites (5,6,12,16) have shown a 
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tendency for percents of summer gain to be correlated negatively with 
breeding density. This relationship is the well-known "inversity 
principle" (6). Annual rates of sunnner gain on the CRA are plotted 
against corresponding breeding densities in Fig. 5. The negative 
correlation is not particularly strong (r = -0.44) which is not un-
expected because productivity is also significantly affected by other 
factors (weather) besides density. Notwithstanding the negative in-
fluence of density on rates of gain, total production has varied directly 
with breeding densities resulting in an essentially linear relationship 
between spring and subsequent fall populations (Fig. 6). 
The possibility that duration of snow cover may adversely influence 
productivity in the following summer is made tenable by numerous studies 
of penned ring-necked pheasants (Phasianus colchicus) demonstrating 
that malnutrition or other stress prior to the breeding season can 
impair reproductive performance. A corrnnon response to artificially 
induced stress is delayed egg laying (1,2,8). Stanford (32) reported 
a marked delay in nesting of wild bobwhites in Missouri following the 
severe winter of 1960. We did not observe this delay on the CRA 
although, as mentioned earlier,, unusually favorable food supplies may 
have lessened the impact of the weather. But in southern Illinois as 
a whole, the 1960 hatch was quite late as judged by analysis of a 
large sample of wings. In fact, these data have shown a positive 
correlation between duration of snow cover and subsequent lateness of 
hatch from 1951 through 1970. Also, late hatches have usually been 
associated with poor reproductive years based on fall age ratios and 
hunter questionnaires (unpublished data, CWRL). Similar findings have 
been reported in Missouri (30). 
A possible explanation for the decline in productivity with in-
creased duration of snow cover may be that bobwhite hens stressed by 
snow or high density or both have reduced vigor which delays nesting 
and decreases the probability of renesting. This would also explain 
why a low number of nests per breeding bird and late hatches are corrnnonly 
associated with poor reproductive seasons. 
During years of high densities, some coveys winter in marginal 
ranges that are normally unoccupied during years of lower populations 
(31). This phenomenon, coupled with the possibility that good habitat 
quality may buffer the influence of winter stress on the birds, 
suggests that the adverse effect of winter weather on productivity 
may not be constant over all levels of population density. We investi-
gated this hypothesis, which is contrary to the concept that the effects 
of weather are essentially density-independent (9,23), by adding 
interaction terms to the MLR model allowing the expression of different 
regressions of productivity on snow cover at different levels of 
population density. When tested by the F statistic, this interaction 
was not significant at the 0.05 level. However, the probability of 
the amount of additional criterion variance thus accounted for being 
due to chance was only about 10%. Further, a model plot of this inter-
action simulated from computer-determined regression coefficients fit 
the hypothesized concept. That is, the adverse effect of snow on 
productivity was sreater at higher than at lower densities. Or stated 
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another way, the negative influence of breeding density on productivity 
was less after mild winters than after severe ones. 
Latham and Studholme (19) wrote that in Pennsylvania: " 
reproduction of bobwhite quail is adversely affected for at least 2 
seasons following severe winters." We presently consider this hypothesis 
tenable but not proven on the CRA, based on the MLR analysis which 
showed a slight but significant (P<0.001) portion of the variance in 
rates of sunnner gain to be accounted for by knowledge of length of 
snow cover 2 winters previous (when breeding density, snow cover the 
previous winter, and prenesting rainfall are also known). If the in-
fluence of snow does extend for 2 seasons, it suggests that the adverse 
effect of stress is somehow transmitted from parents to their offspring. 
Lower survival rates have been reported for Hungarian partridge (Perdix 
perdix) chicks whose parents had been stressed previously by crowding 
(11). 
As noted earlier, total rainfall during the 6 weeks prior to egg-
laying exerted a statistically significant, though not particularly 
strong, positive effect on productivity. The mechanism of this influence 
is unknown but may operate through nutritional or cover characteristics 
of the vegetation. Jackson (10) believed that the effect of rainfall 
deviations on vegetation contributed to oscillations of bobwhite densities 
in marginal ranges of Texas. Lehmann (20) linked rainfall and correspond-
ing vegetative growth to initiation of nesting in the same state. 
Interrelationships between rainfall, vegetation, and nesting would con-
ceivably be more pronounced in arid regions of the bobwhite's range 
than in southern Illinois where extremes of early season rainfall and 
corresponding vegetative response are not so great. 
Many workers contend that cool, moist sunnners are more conducive 
to good reproduction than hot, dry sunnners (25,28,29,32). However, 
several long-term studies (12,16), including ours, have failed to 
demonstrate a significant relationship between sunnner weather and 
productivity. The absence of a correlation between these variables 
on our study area does not negate the potential importance of sunnner 
weather to reproduction. It simply means that during the years 1954 
through 1971, variations in rates of productivity did not seem attribut-
able to variations in temperature and moisture conditions as we 
measured them. This is not surprising considering that each year of 
the study, except 1954, had a mean maximum daily temperature for the 
period June-August that was cooler than the 1910-53 long-term mean 
(3,34). Furthermore, nesting studies from 1954 through 1963 indicated 
that individual nests and eggs were affected only rarely by heat, 
drought, or heavy rains although maximum July-August temperatures may 
have influenced termination dates of egg-laying (15). Extremely hot 
weather during peak egg laying in June of 1952 and 1953 may have 
abbreviated the nesting season and increased nest abandonment, but 
the effect on total productivity was not clear. 
The Pattern of Population Change Between Years 
Three characteristics of long-term population behavior on the CRA 
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changes to be negatively related to previous densities. Secondly, 
periods of increase, decline, highs, and lows each generally persist 
for several years. Finally, there is an apparent regularity of oscil-
lation with 8-10 year intervals between major highs and lows, respectively. 
The negative relationship between population change and density is 
clearly seen in Fig. 7 which plots annual rates of change as a function 
of previous fall -densities (r = -0.49). This population characteristic, 
which is implicit in the concept of balance, is apparently a manifesta-
tion of the previously described density-related nature of both mortality 
and productivity and possibly of the interaction between density and 
weather. However, response to deviations from mean density is usually 
not immediate. Instead, increases or declines tend to overshoot the 
mean by a considerable margin then persist for several years at more 
stable densities well above or well below the mean. This population 
momentum, which 'lpparently results from the strong correlations between 
successive seasonal levels (Figs. 3 and 6), seems able to persist for 
several years before other pressures, presumably density related, finally 
stabilize the population or impel it in another direction. 
Serial correlations between seasonal densities may not be the only 
cause of momentum. It has been observed that some populations tend to 
remain at low levels for a time following declines even when apparent 
causes of the decline (e.g. weather, high density) are no longer operating 
directly on the individuals. When this occurs in short-lived species, 
it suggests that the offspring of parents which originally suffered 
the decline are somehow "disadvantaged" in terms of their own survival 
or reproduction or both. Errington (6) termed this period a "depression 
phase" while others (12,36) have mentioned the possibility of stress-
induced weakness being transmitted nongenetically from parents to young. 
Obviously, further research is needed regarding the effects of various 
kinds of stress on bobwhite population behavior and the possibility 
that these effects may be delayed as well as direct. 
·whether "eye lie" population tendencies are due entirely to intrinsic 
mechanisms or are the result of periodically occurring extrinsic factors 
has long been a subject of great interest among population ecologists 
(9,13). At least some of the regularity observed in our data seems 
attributable to the combined effects of momentum and density-related 
changes operating in tandem. Complicating the picture, however, is, the 
effect of weather, especially snow cover, which our study and others have 
shown to be considerable. It would seem that randomly occurring years 
of severe weather would tend to mask or dampen any intrinsic tendencies 
toward regularity of oscillations. However, both winters of heavy snows 
occurring on the CRA in 1960 and 1970 came immediately after periods of 
high densities, just as the population appeared to be beginning a 
decline. In addition, it is likely that the adverse effects of these 
winters were at least somewhat intensified by the high densities. Thus, 
it is not entirely clear whether the winters of 1960 and 1970 actually 
caused or merely accentuated the population lows which followed. We 
anticipate that information from our study will ultimately provide 
valuab new insight into the phenomenon of population cycling. However, 
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its effects during other phases of the "cycle". 
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BOBWHITE WHISTLING ACTIVITY AND POPULATION DENSITY ON TWO PUBLIC HUNTING 
AREAS IN ILLINOIS 
* Jack A. Ellis, Keith P. Thomas, Illinois Natural History Survey, 
Effingham, Paul Moore, Illinois Department of Conservation, Salem 
Abstract: 
Eight years of data from 2 public hunting areas in southern 
Illinois demonstrate high multiple correlations (£ = 0.97 and 0.84) 
for prebreeding densities and call indices with the prehunt densities 
of bobwhites (Colinus virginianus). Models derived from multiple 
correlation analyses produced satisfactory predictions of prehunt densities. 
The average number of calls per stop was the key element in the predict-
ing model. The number of whistling cocks heard per stop is of limited 
value as an index because of difficulty in determining numbers when more 
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than 7 whistling cocks are within hearing. The mod~ls for the 2 areas 
appear different, but this possible difference cannot be satisfactorily 
confirmed on the basis of data for only 8 years. 
This paper discusses the correlation between audio-census indices 
and fall population densities of bobwhites on 2 public hunting areas 
in southern Illinois during 1964-71. In Illinois, counts of whistling 
bobwhites have long been used as indices of summer abundance (6). Norton 
et al. (5) evaluated published data relating to the use of whistle counts 
as indices of fall quail populations from Missouri, Indiana, South 
Carolina, Alabama, Iowa, and southern Illinois and concluded (p 403): 
"In the several sets of data we examined, there was little indication 
that year-to-year changes in numbers of whistling cocks in summer was 
predictive of autumn populations, and hence only a relatively small 
portion of the variance could be explained." 
The data evaluated by Norton et al. (5) used the number of individual 
males whistling as the basis for their predictions. In our analysis, 
we have evaluated the number of bobwhite calls per listening stop and 
the prebreeding census data, as well as the numbers of whistling cocks, 
as bases for predicting fall populations. 
The editorial assistance of G. C. Sanderson, W.R. Edwards, and 
Helen C. Schultz is gratefully acknowledged. This paper is a contribu-
tion from Illinois Federal Aid Project W-66-R, the Illinois Department 
of Conservation, the U. S. Bureau of Sport Fisheries and Wildlife, and 
Illinois Natural History Survey, cooperating. 
Methods 
Data on quail population density and whistling were collected on 
Stephen A. Forbes State Park (2,930 acres), Marion County, Illinois, 
and on Sam Dale Lake State Park (1,300 acres), Wayne County, Illinois. 
Detailed descriptions of these areas and the management programs 
employed for upland game have been published (2). Upland game manage-
ment on these areas has remained unchanged except for the incorporation 
of a 260-acre portion of the Dale area in 1970 and a 250-acre segment 
of the Forbes area in 1968 into a sharecropping program including corn 
(Zea mays), soybeans (Glycine~), and wheat (Triticum aestivum). 
The Dale area is located in a more extensive area of high-quality 
quail range than is Forbes. The Forbes area is surrounded on 3 sides 
by relatively flat, gray-prairie cropland that is devoid of the brush 
and woodlands essential for quail habitat of high quailty. 
Audio-Censuses 
Audio counts of quail were made at approximately weekly intervals 
along a standardized route on each area from mid-May to mid-July during 
1964-71 (Table 1)~ The censuses began at sunrise on mornings when 
the wind velocity was less than 7 mph and the cloud cover was less than 
75%. Counts of 2-minutes duration were made at each stop. The number 
of bobwhite calls, and as many of the individual whistling cocks as 
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could be distinguished, were recorded. It was difficult to identify the 
number of calling cocks when more than 7 individuals were whistling, 
as was frequently the case. When there were more than 7 cocks whistling, 
we recorded the count as 7-plus cocks, along with the total number of 
calls. We concentrated on counting accurately the total number of 
calls. Actively calling cocks whistle every 12-20 sec or 6-10 times 
per 2 min, with each call lasting about 2 sec. When more than 7 
whistling cocks are within hearing distance, calling is virtually 
continuous. 
The census route of 6.25 miles, including 6 equidistant stops, 
on the Dale area was established along the public road bordering the 
area. The census route measured 6.14 miles on the Forbes area, with 
2 stops located on the public road that bordered the park and 6 
equidistant stops along the main park road. Thus, on a portion of the 
census route on Forbes and along the entire route at Dale, whistling 
quail both on and adjacent to the study areas were recorded during 
the audio-censuses. No distinction was made as to the location of 
whistling cocks relative to boundaries of the areas. 
Population Estimates 
The areas were censused during early November (prehunt), early 
January (posthunt), and early March (prebreeding), with bird dogs to 
locate coveys of quail. Harvest data were recorded at compulsory 
hunter check stations located on each area. Two methods were used to 
derive estimates of the prehunt populations: (1) prehunt censuses, using 
bird dogs, and (2) adding the numbers of birds harvested to the posthunt 
census figures obtained after the hunting season. The latter method 
was considered more reliable during periods of high population densities. 
However, both methods tend to underestimate the population, the first 
because of missed coveys and the second because of known crippling 
losses and natural mortality. Under low densities, census data can 
be adjusted for coveys that are routinely observed but missed during 
the census; this adjustment is not possible at high densities. 
Analysis of Data 
Census data were evaluated using multiple correlation analysis 
performed by computer facilities of the University of Illinois, Urbana. 
In the analysis, the estimates for the prebreeding census, average 
whistle counts, and average numbers of whistling males were treated 
as independent variables and the prehunt population estimates as the 
dependent variables. 
Findings 
Although data for only 8 years (Table 1) were available for analysis, 
it is obvious from the single-factor correlation coefficients that call 
counts have been closely correlated with prehunt quail density, 
particularly on the Dale area (Table 2). Multiple correlation coeffi-
cients indicated that about 94% of the annual fluctuation in the pre-
hunt population estimates for quail on the Dale area and 71% for the 
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Forbes area were associated with changes in the prebreeding census 
and audio indices. 
The unstandardized regression coefficients for the 3 independent 
variables (Table 2) appear different for the 2 areas. Tests of dif-
ferences between areas for the 3 independent variables failed to reject 
the hypothesis of no significant difference. However, because the 
analysis was based on data for only 8 years, it is not fitting that we 
proceed on the assumption that no significant difference existed, or 
that if a difference existed, it was of no real consequence. 
Models for predicting prehunt quail density from prebreeding 
census and audio counts were derived from the analysis. For the Dale 
area the prehunt quail density is predicted as: 
fDale = 15.934 - 0.42848X 1 + 2.9593X 2 - 10.269X 3 
and for the Forbes area: 
YForbes = 4.9003 + 0.82404X 1 + 0.64895X 2 + 0.33379X 3 
where x
1 
is the number of bobwhites per 100 acres in the prebreeding 
population, x2 is the average number of quail calls per 2 min on the 
audio-census of quail, and x3 is the average number of whistling males 
per 2 min. 
There was good agreement between quail densities predicted using 
the above models and the densities estimated from censuses of the 2 
areas (Table 3). 
Discussion 
In a discussion of the reproductive calls of the bobwhite, Stokes 
(10) noted that the bobwhite call is purely sexual in function, unmated 
males and those separated from their mates for several hours use the 
bobwhite call, and the female 11hoy-poo 11 call elicits bobwhite calls 
from males. The duration of the intervals between successive whistles 
by an individual male probably varies as a function of the motivational 
influences. 
Some investigators (1,9) reported that summer whistling cocks 
represent surplus (nonmated) males. Our observations, as well as those 
of Rosene (7) and Kabat and Thompson (4), suggest that both mated and 
unmated cocks whistle during the period of calling. Observations of 
cock-hen pairs along the census routes near the listening stops indi-
cated that these males did not whistle. We believe that the majority 
of cocks whistling during the period from late May to mid-July were 
those whose mates were tending nests--probably incubating. This 
contention is supported by data obtained from juveniles (ages were 
determined by wing molt) taken by hunters. The majority of juveniles 
;arvested during the first 7 days of each hunting season were from 
ne&ts that were incubated from the first week of June to the third 
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The close correlation between whistle counts and the abundance of 
quail in the fall suggests that fall populations depend primarily on 
the number of birds available during the breeding season. No tendency 
towards inversity, as demonstrated for Wisconsin quail (3), was noted 
in this study. We believe, as does Rosene (8), that the audio-censuses 
reflect the quality of nest cover on an area and that variations in 
nest success and juvenile mortality are minor factors in determining 
year-to-year fluctuations in quail numbers in the fall. Thus, winter 
survival of quail and wint~r carrying capacity appear critical in quail 
management on the Dale and Forbes areas. 
At this time, we can only hypothesize why other workers have not 
found strong correlations between audio counts and quail abtmdance in 
fall. One possibility is that reproductive success of quail on 
private land is more variable than on managed public hunting areas. 
Another possibility is that the quail harvest size often used as an index 
to quail abundance in fall is influenced by factors such as crop harvest 
and weather during key segments of the hunting season and thus is a 
biased index of quail density. 
The lack of a stronger correlation between the prebreeding and pre-
hunt censuses is also a puzzle. One possibility is a reorientation 
of quail in April and early May to better nesting situations and in 
response to social interactions involved with the breakup of coveys. 
This idea supports the concept that calling activity reflects the 
quality of summer range (that is, the quality of available nesting 
cover), whereas the prebreeding census reflects the quality of winter 
range. 
Use of the prebreeding estimates and the average numbers of whistl-
ing cocks did little to increase the accuracy of our predicting models. 
If the objective for conducting spring and early summer censuses of 
bobwhites is primarily to predict fall populations and harvest, there 
appears to be little reason to census prebreeding populations or, under 
situations of high density, to attempt to determine numbers of whistling 
cocks during routine call counts. However, if data on prebreeding 
populations and whistling cocks are readily available, it is only 
logical to include them in a predicting model. 
The matter of whether the unstandardized regression coefficients 
differ significantly among areas is of considerable importance. If they 
do not, it will ultimately be possible to develop a single predicting 
model that will allow prehunt quail densities to be estimated for an 
area by using only standardized audio counts made on that area. A 
single predicting model would have great utility in both management 
and research. 
If the relationship between audio counts and prehunt populations 
differs among areas, or changes over a period of years on a particular 
area, it will be necessary to develop predicting models for individual 
areas and perhaps refine them on an annual basis. Several more years 
or data and information from other areas are needed before final 
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from audio counts. However, for now, we conclude that on public hunt-
ing areas in Southern Illinois, carefully standardized call counts will 
provide reliable indices to the relative abundance of bobwhites in the 
fall on the area censused. 
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Table 1. Summary of quail census c>stimates and audio i11di<:e-s ror 
the Dale and Forbes areas, 1964-71. 
(1) (2) (3) (4) 
l'rebreed log Avg. cal ls Av~. whistling l'reliunt 
Year ce11sus per stop cocks per stop census 
Dale area 
1964 4.3 20.0 4_g 26.9 
1965 3.8 15 .4 3. 9 18.5 
1966 3. 5 21.6 4.6 29.7 
1967 7 .8 28.3 5.5 36.4 
1968 9.4 29.9 5 .2 49.7 
1969 12. 7 29.0 5.3 41.7 
1970 10.0 27.1 5.4 37.1 
19 71 10.5 25. 5 5.7 2 7 .4 
Forbes area 
1964 5.3 12 .1 3 .9 18 .2 
1965 3.4 5. 7 1 . S 9.4 
1966 1.9 8.0 2.3 14 .2 
1967 4.9 17 .4 4.0 27. 1 
1968 4.8 2 7 .6 5 .2 33.3 
1969 7. 3 26.9 5.0 26 .1 
1970 4.6 18.5 4.2 23 .3 
1971 3 .1 21.4 4.8 16.3 
Table 2. Sunm1ary of results of multiple correlation analysis using 
(1) the prebreedi11g census, (2) average calls per stop, 
(3) average number of calling males with (4) preliunt 
census as the dependent variable. Data are from the Dale 
a11d Forbes areas, 1964-71. 
Area 
Single factor correlation 
Multiple correl.1ti.011 
F Ratio for multiple "r" (df :<: 3,4) 
Standard error of estimate 
Un.standardized regress 1-011 coef fie lent 
Standard error of unstandardized 
regression coerricient 
Standardl%ed regresslon c11cfficlP11t 
Standard error of .c:ta11dardi;,,1Jd 
r(•~re,-.;sion CO{' rt lt'il'llt 
llepe11de11 t var i .ih le i11 tern•pt 
















( 3_) 0. 05600 
(I) 0.14178 
(2) 0.81451 
( l) 0 .80570 
4.90/l'l 


























Tahlt• L S1111nu;iry of esti111,Hcd prcliunt quall de11sitv on the llale 
;i11d i"orhes areas, 1964-71, with the density of q11ail 
predlcted on tlie basis of 11111ltiph• correlation analysis 
or the prebrecdi11)c!. a11d audio censuses. De11sity is ex-
pressed ns q"n i 1 1wr 100 acres. 
Furhes llc1le 
Yenr E:-;,t i 111n ted l'red ic Led Est i rn.i1 te~ Predicted 
1964 18 .2 18.4 26.9 2 3. 0 
1965 9.4 11 .9 18. 5 19.8 
1%6 14.2 12.4 29.7 31.1 
196 7 27.1 21.6 \6 .4 39. 9 
1968 \J.3 28 .5 49.7 47 .o 
1969 26.l 30.U 41. 7 41.9 
1970 23.3 22 .1 37 .1 36.4 
1971 16. J 12.0 27 .4 28.4 
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AN EVALUATION OF SOME MARKING TECHNIQUES USED ON BOBWHITE QUAIL 
David Urban and W. D. Klimstra, Cooperative Wildlife Research Laboratory, 
Southern Illinois University, Carbondale. 
Abstract: 
Summarized are data obtained from field testing various marking 
techniques used to distinguish individual, unrestrained bobwhite quail. 
Four methods and combinations of each included various types of back 
tags, colored leg bands, dyes, and radio transmitters. Discussed are 
methods, advantages, and limitations as based upon field observations 
of 195 back-tagged quail, 86 quail with colored leg bands, 55 dyed 
quail, and 91 radio-marked quail. 
The ability to mark individual animals so that they can be 
recognized at a later date under field conditions is essential to many 
studies. Back tags have been employed successfully in numerous investi-
gations including those by Blank and Ash (3) in studying partridges 
and by Labisky and Mann (10) in studying pheasants. Colored leg bands 
have been used extensively in researching ruffed grouse (7), turkeys 
(11), and prairie chickens (8). Dyes have been used to mark game birds 
with varying success (2,5,6,9,12). Radio-transmitters have been employed 
for numerous studies of game-birds, but with limited success on the 
bobwhite quail (1) because of their small size. This paper summarizes 
data obtained from field testing of the above techniques on individual, 
unrestrained bobwhite quail (Colinus virginianus). 
The authors wish to acknowledge D. L. Rose and the late R. M 
Bartholomew for their aid in collecting portions of the data presented. 
This publication is a contribution of Project No. 1 of the Cooperative 
Wildlife Research Laboratory of Southern Illinois University. 
Methods and Findings 
Back Tagging 
Tags were constructed of Fibre-thin and Amor-tite (vinyl material 
bonded to nylon mesh). Tag size varied from 2. 75" x l" to 5.25" x 
0.75". Ten different colors were used (white, yellow, light blue, 
dark blue, orange, red, black, bright green, armor green, and pink). 
To maximize the number of individually marked birds, various numbers and 
letters were painted (vinyl weathercoat paint) on the tags. 
A total of 195 quail were back-tagged. Tags were attached by means 
of a calf-skin harness or Fibre-thin strips which were passed from the 
front of the tag under the wings and stapled to the front of the tag. 
It is essential that the harness is not too tight and that the strap 
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Both materials employed were considered adequate for use, but 
Fibre-thin tags curled upward after a short time in the field. The 
curling was caused by the paint used to put symbols on the tag and was 
alleviated by painting the symbol on both sides of the tag. All sizes 
of tags used worked well; but the narrower tags seemed to interfere 
less with flight than the wider ones. 
Certain difficulties in recognition were noticed between tags of 
similar colors, particularly in poor lighting, or when the observation 
must be brief because of intervening vegetation or rapid movement. 
Inability to distinguish between the colors red and orange occurred 
most commonly, both on the ground and in flight. We do not recommend 
use of both colors in the same covey. The 2 shades of blue were also 
difficult to differentiate. There was no difficulty in distinguishing 
between the 2 greens. However, we do not recommend using armor green 
because the drab color is difficult to see on a flying bird. Dark 
colors (black, dark blue, and red) were not visible or were indistinguish-
able beyond 50 yards. The most visible colors were white, yellow, and 
pink, respectively. 
The use of 2-color tags increased the number of quail individually 
identified, both in flight and on the ground. Division of the 2 colors 
on the tag should be arranged longitudinally and should include both 
sides of the tag. Motion of the tag in flight makes it quite difficult 
to determine colors if the tag is painted on 1 side only; horizontal 
division of the color results in the impression of a single color tag. 
Contrasting primary colors should be used. 
Any numeral, letter, or other symbol chosen as a marker should be 
placed in the center of the lower half of the tag. The scapulars often 
cover the upper half of the marker, which obscures the identification 
symbol. We identified all symbols tested on tags up to 50 yards using 
7 x 50 binoculars. Occasionally, identification of 2 number tags at 
this distance was difficult. When quail are feeding, the tag rests in 
a horizontal plane and the smaller number necessary on such tags is 
more difficult to read. When observations were made at distances of 
80-85 yards, 2-number tags were seldom identified while the larger 
single number was discernible. Increasing the observational distance 
to 100 yards resulted in loss of definite recognition of all symbols; 
under poor lighting conditions even the color of the tag cannot be 
recorded. 
Colored Leg Bands 
Colored plastic leg bands (National Band and Tag Co., Newport, 
Ky.) were placed on 86 quail. Two bands were placed on 1 leg to in-
crease the visibility of the marking. 
This method for identifying individual quail was used with little 
success. However, on several occasions where dyed birds were seen at 
such an angle that the back tag was not visible, the identification 
of the bird was obtained by use of the leg bands and dye colors. In 
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bands, considering the small amount of expense and the time involved 
in placing the bands on the quail's leg. 
Color Dyeing 
Fifty-five quail were color dyed in an attempt to increase the 
number of individually recognizable birds. Rhodamine BXP, Rhodamine 
60, Auramine, Brilliant Green, Victoria Blue B, Brilliant Scarlet 
3R, Crocien Orange Y, and picric acid were used. There was some evi-
dence that mixing of dyes might produce desirable colors; this was not 
investigated fully. 
Auramine, Rhodamine BXP, and Brilliant Green were recognizable 
dyes in the field. Picric acid yielded an acceptable color at applica-
tion, but it faded to a greenish yellow. All other dyes faded rapidly 
under field conditions. 
The birds were dyed by either dipping them in the solution, swabbing 
them with cotton, or spraying them with a perfume atomizer or a "Windex" 
spray bottle. Swabbing with cotton proved to be the only method 
acceptable. An excellent job of dyeing was obtained by dipping the 
quail into solution; however, the feathers tend to become saturated 
and the resulting temperature loss as the alcohol and water evaporated 
caused stress to quail. The use of a perfume atomizer and a ''Windex" 
spray bottle did not give a sufficient dyeing of the feathers. 
No noticeable change of behavior due to dyeing was noted; dyed 
quail were accepted by covey mates and mated dyed quail were observed 
many times. 
Dyeing quail for identification was successful as they were recog-
nized easily on the ground and in flight. It is limited, however, by 
the small number of acceptable dyes available. This problem can be solved 
in part by using secondary markers. It must be recognized that any 
dye will be recognizable only until the time of molt. During this 
study dyed quail were not observed after mid-July; loss of dyed feathers 
during molt probably was responsible for this. 
Radio Transmitters 
Ninety-one quail were radio marked during the past 7 years. This 
entailed the use of 3 different types of transmitters: Type A with a 
loop antenna (26.550 to 26.640 megacycles); Type B with a whip antenna 
(148.000 to 148.330 megacycles) and a battery packaged as described 
by Brander (4); and Type C which was the same as Type B, except that 
the battery was packaged with the transmitter. A single mercury cell 
(Mallory RM-625) was used as the power source for all transmitters. 
Estimates of theoretical transmitter life varied from 30 to 50 days 
depending on the power drain of the particular transmitter. All 
transmitters weighed between 9 and 11 g. 
Method of attachment varied with the type of transmitter employed. 
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harness simply passed from the front of the transmitter, around the 
wings, and was attached to the front of the transmitter. Type Bused 
the same harness as described by Brander (4). This entailed running 
the harness with battery leads to the battery on the breast, and then 
passing the harness straps under the wings and attaching them to the 
back of the transmitter. On Type C, the harness straps led from the 
front of the transmitter thence around the neck to the front of the 
breast. Here they were crossed over and passed under the wings and 
attached to the back of the transmitter. 
Transmitters were believed to have had a minimal effect on quail 
if the harness was adjusted properly. All birds with properly adjusted 
harnesses flew readily when released and flushed normally at later 
dates. Instrumented birds appeared to pair normally and nesting 
instrumented birds were noted in several instances. However, birds 
had to adjust to all 3 types of transmitters. During adjustment 
mortality was high (13%); 54% of all mortality occurred within the first 
5 days after instrumentation. 
A comparison of the 3 types of transmitters is presented in Table 
1. Type C transmitter produced the best results. This transmitter 
yielded best life expectancy and least premature termination of signal. 
It was carried readily by quail, including several cases by quail of 
only 60 days of age; 1 quail carried an operable transmitter for 121 
days. The Type A transmitter appeared cumbersome, and on 2 occasions 
quail were found dead after the loop antenna became entangled in 
vegetation. The leads to the battery of the Type B transmitter broke 
after a short time in the field. Also, this type of transmitter was 
never recovered from birds believed killed by predators; apparently the 
predators broke the leads. 
Summary 
Each of the 4 methods of marking has limitations as well as 
advantages. The use of any 1 of these methods depends solely on the 
type of study and the types of data the researcher wishes to obtain. 
Important to consider is how readily the marker is distinguishable in 
the field. While back tagging and color dyeing give acceptable 
results, the radio transmitter is unquestionably the easiest way to 
locate and distinguish individual animals. Also of concern is the 
duration of the marker. Back tags and color leg bands may last the 
life of a quail, while color dyeing will last only until the time of 
molt. Data for radio-marked quail rarely are obtained for a period 
more than 2 months. A third point to consider is the type of data 
the researcher wishes to gather. The radio transmitter yields con-
tinuous data, while the other methods yield only interrupted data. A 
fourth constraint is the number of birds the investigator desires to 
mark. Obviously, radio-marking is somewhat limited due to the expense 
involved. 
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INTERRELATIONSHIPS BETWEEN VARIOUS QUAIL POPULATION MEASUREMENTS 
Walter Rosene, Jr., Consultant, Gadsden, Alabama, James M. Rosene, 
University of Alabama, Tuscaloosa. 
Introduction 
Early investigators of the bobwhite used covey counts to measure 
population numbers. We do not know when quail were first censused by 
this method, but we do know that Leopold and Errington put much emphasis 
on these counts. Covey numbers and their sizes are of great importance 
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because to a large degree they reflect the quality of quail environment. 
In recent years data have been gathered on other facets of quail pop-
ulations so that now it is possible to study relationships between many 
population measurements. 
A technique for a census of "bobwhite" calls was started in 1938 
by Rudolf Bennitt. Bennitt (1) and Reeves (3) reported on the relation-
ships between whistling cocks, soils, and hunting success. Rosene (4) 
studied the relationship between whistling cocks in summer and coveys 
in the subsequent winter. Norton et al. (2) examined all previous 
published data and reported on whistling cocks and coveys from tracts 
on the Crab Orchard National Wildlife Refuge and on 2 areas in Davis 
County, Iowa. 
The proportion of juveniles to adults in quail populations can be 
determined from samples of wings from birds killed by hunters. Given 
the total population (number of coveys X average size of coveys), the 
number of individuals in an age class, juvenile or adult, can be found 
by multiplying the total population by the percentage of that age 
class found in the wing samples. 
Study Areas and Procedures 
We collected data from 2 different tracts 115 miles apart in South 
Carolina: Groton near Estill and Oakland Club near Pineville (Table 1). 
These enabled us to make some preliminary correlations to determine 
mutual relationships between various population measurements. 
When studying these data the question arose as to the most appro-
priate statistic. For example, if numbers of whistling cocks in summer 
depended on the spring population of males, and we wished to predict the 
number of whistling cocks to follow a spring population of males, then 
a regression analysis would be in order. For this study we assumed 
that the paired variates we wanted to test were associated in some way 
but that neither variate operated as a consequence of the other. It 
is entirely possible that many of the 2 variates tested could be more 
appropriately studied as a regression, but our aim was to determine 
correlations for the entire 2 lots of data. 
A correlation (r) was figured from 9 sets of paired data from 
Groton. Thus it ~as possible to investigate the relationship between 
36 items. Oakland Club had 8 sets of paired data, so 28 different 
correlations were computed. 
Groton Plantation 
Groton is privately owned and managed for quail. Records on quail 
have been kept from 1957 through 1970. Insecticides were used on Groton 
during the period of this study. In the summers of 1958, and 1959, 
DDT was dusted on growing soybean plants, and during the spring planting 
of corn in 1964, 1965 and 1966, some kernels remained on the surface 






National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
296 
critical time of food shortage. It seemed advisable to eliminate the 
data for these 5 years because of abnormal fluctuations in the quail 
population caused by the adverse effects of DDT (5). 
Twelve thousand acres of this plantation are used for quail hunting. 
One wing was removed from each bird shot, and feather molt was studied 
to learn the individual's age. As a territory was hunted, covey loca-
tions were depicted by map-tacks on an aerial photograph. As hunting 
proceeded during the season, newly discovered coveys were recorded on 
an area after each day's hunt only after all previously located coveys 
had been found on that particular day; thus, covey numbers were con-
servative. Average covey size was calculated annually by repeatedly 
flushing and counting individuals in an adequate number of coveys. 
Coveys were recorded on the entire plantation making it possible at 
the end of the hunting season to count the number of coveys found on 
the transects where whistling cocks were recorded in summer. 
To count whistling cocks in summer, 1 transect containing 14 stops 
at 0.5 mile apart was established through the center of the plantation, 
At each stop, quail calling "bobwhite" were plotted on an aerial 
photograph, Plotting was always done on the mornings of 20 and 21 June. 
Start was at sunrise; 8 min were spent at each listening stop and 2 min 
driving between stops. After 2 mornings of work, the estimated number 
of whistlers present was determined. 
Oakland Club 
Oakland Club lands are managed differently than Groton, This Club 
owns 7,000 acres and leases another 35,000. Hunting takes place on 29,000 
acres. Records were kept from 1959 through 1970. Ages of quail were 
determined in 9 of the 12 years. All other records are continuous for 
the 12-year period. 
To check whistling cocks on Oakland, 2 transects of 12 stops each 
were established using the same interval between stops as on Groton, 
"Bobwhite" calls were counted once on each of these transects and 
always on the mornings of 18 and 19 June, using the same routine as 
on Groton. 
Unlike Groton, coveys were not plotted on a map, but when hunters 
and guides returned from a day in the field they reported the number 
of coveys flushed, thus providing cumulative records of covey flushes. 
Results and Discussion 
On Groton we heard a total of 1,156 whistling cocks on 1 transect 
in 10 years. In 9 years hunters found 5,070 individual coveys on the 
entire plantation of which 1,098 were on the whistling-cock transect. 
Sportsmen shot 13,547 quail in 8 years. We determined sex-age ratios 
(from the entire kill) and average covey size. It was possible to 
calculate 9 items from the original data (Table 2). 
In 12 years on Oakland the 2 transects had 1,701 whistling cocks, 
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hunters spent 4,882 days afield flushing 26,036 coveys and killing 
25,258 quail. We determined sex-age ratios for 9 of the 12 years. In 
all, 8 items were used in the analysis (Table 2). 
Groton Plantation 
Significant correlations were found for 21 of the 36 items investi-
gated (Table 3). Of the 21, 14 were positive. 
Previous investigators (1,2,3) have reported a positive relation-
ship between number of cocks whistling "bobwhite" in summer and number 
of coveys present in the subsequent winter. Our data show a similar 
positive relationship between whistling cocks and coveys in the first 
following winter; coveys tested were those found on the same transects 
used for the whistling cock census. The relationship was not signifi-
cant when whistling cocks were tested with coveys on the entire planta-
tion in the second winter that followed. Cocks whistling in summer 
also showed a significant positive relationship with populations of 
males, females and subadults in the first subsequent spring. 
On Groton there was a positive relationship between spring pop-
ulations of males, females, and subadults when tested with coveys 
in transects during the first subsequent winter. These same 3 categories 
had a similar positive relationship with coveys on the entire plantation 
in the second subsequent winter. This indicates that the number of 
quail remaining in a given spring is related to the number of quail 
that will be present in the first and second winter coming after that 
given spring. 
Total kill in 1 winter was positively related to coveys on the 
entire plantation 1 year later. In other words, the higher the kill 
in 1 year, the greater the number of coveys in the following winter; 
and the lower the kill, the fewer the coveys in the following winter. 
This appears to be contrary to the statement about the importance of 
spring populations. A high kill in winter should logically result in 
a low population of males, females and subadults in the spring. At 
this point in research the best explanation is that hunting pressure 
was so light that it had little effect on spring populations; however, 
hunting pressure was sufficient to have a positive effect on reproduction. 
It seems that up to a certain point the removal of quail by hunting is 
beneficial. 
Significant negative correlations were shown in 2 comparisons: 
(A) young per adult female in the hunting season X kill in the same 
hunting season, and (B) percent subadults X coveys in transects. 
Biologists have thought that the greater the number of young per adult 
female in fall the higher the production in the previous summer and 
therefore the greater the population size in the winter and thus the 
better the hunting. On Groton, as young per adult female increased, 
the kill decreased. A negative correlation was also found between 
young per adult female and kill on Oakland Club, but it was not 
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Table 1. Comparisons between Groton Plantation and Oakland Club. 
Characteristics 
Acreage 
Mean population per year 
Number of quail 
Acres per bird 
Whistling cocks 
Percentage of subadults 
Mean hunting pressure per year 
Covey finds per hour 
Kill 
Percent of population 



















Table 2. Various quail population measurements tested. 
Groton Oakland Club 
1. Summer whistling cocks 1. Summer whistling cocks 
2. Coveys in transects in winter 2. Total kill 
3. Total kill 3. Young per adult female 
4. Young per adult female 4. Percent subadults 
5. Percent subadults 5. Coveys found 
6. Spring population of males 6. Coveys per party day 
7. Spring population of females 7. Total gun days 
8. Spring population of subadults 8. Kill per gun day 
9. Coveys on entire plantation 
1 year later 
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Table 4. Significant correlations at Groton. 
At the .05 level 
At 
- .76 Percent subadults X coveys in transects. 
+ .73 Spring population males X coveys on entire plantation. 
- .67 Young per adult female X spring population of females. 
+ .71 Spring population subadults X coveys on entire plantation, 
- .70 Young per adult female X coveys on entire plantation. 
+ .74 Summer whistling cocks X coveys on transects. 
+ .74 Summer whistling cocks X spring population of females. 
+ .78 Summer whistling cocks X spring population of subadults. 
+ .77 Spring population of females X coveys on entire plantation. 
- .74 Young per adult female X total kill. 
+ .78 Total kill X coveys on entire plantation 1 year later . 
the . 01 level 
+ .80 Summer whistling cocks X spring population of males. 
+ .88 Spring population of males X coveys in transects. 
+ .86 Spring population of females X coveys in transects. 
+ .87 Spring population of subadults X coveys in transects. 
Table 5. Significant correlations at Oakland Club, 
At the .05 level 
+ .63 Summer whistling cocks X kill. 
+ .71 Young per adult female X percent subadults. 
+ .67 Kill X total gun days. 
+ .69 Summer whistling cocks X coveys found. 
At the .01 level 
+ .77 Summer whistling cocks X coveys found per party day. 
+ .78 Total gun days X coveys found. 
+ .78 Kill per gun day X coveys found. 
At the ,001 level 
+ .90 Kill X kill per gun day. 
+ .96 Kill X coveys found. 
+ .91 Kill X coveys found per party day. 
+ .89 Kill per gun day X coveys found per party day. 
+ .90 Coveys found X coveys found per party day. 
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Oakland Club 
The data for Oakland presented the opportunity to make correlation 
tests for 4 of the same items as were measured on Groton (Table 2) and, 
in addition, to find relationship between these 4 items and hunting 
success. Oakland had a lower population, lower hunting success, and 
a higher kill (Table 1) so the same correlations as tested on Groton 
can be expected to vary on Oakland in their amount of significance. 
On Oakland Club all significant correlations were positive (Table 
4). Summer whistling cocks were closely related to coveys found, 
similarly to Groton, but on Oakland whistling cocks were significantly 
related to kill. This wa~ not so on Groton. Numbers of birds shot 
(kill), amount of time spent afield, and coveys found were significantly 
interrelated. 
Young per adult female was significantly related to percent sub-
adults on Oakland, which was not the case on Groton. 
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SUPPLEMENTAL PAPERS 
MAXIMIZING EDGE AND COVERTS FOR QUAIL AND SMALL GAME 
William M. Conlin and Robert H. Giles, Jr., Division of Forestry and 
Wildlife Sciences, Virginia Polytechnic Institute and State Univeristy, 
Blacksburg 
Abstract: 
A computer-generated table is presented, enabling the land manger 
to maximize on a given acreage the length of edge and the number of 
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Between-field connections are provided for sportsmen and farm machinery. 
The equations are presented along with diagrams of field layout and graphs 
of the relative changes in edge and coverts resulting from certain deci-
sions related to management efficiency. 
The effectiveness of quail and other wildlife habitat management 
should be measured against a concept of potential production rather 
than percent change from past populations. The concept of highest 
potential production of quail on an area is useful not only for evaluat-
ing management effectiveness, but also for preventing over-investments 
made to achieve increases in natural populations past the potential. 
One aspect of intensive quail habitat management is believed to 
be the production of linear distance of edge (cover) and coverts or corners 
where more than 2 types of cover come together. Food supplies are 
essential, but these are only of secondary interest in this paper. 
With proper management, fall quail densities can exceed 1 bird per 
acre by several times. Under ideal habitat conditions, the only logical 
limit to a quail population is that of spatial tolerance associated with 
social behavior. When such limits are approached, coveys tend to become 
spaced at uniform distances apart (1). Implementation of the concept 
presented herein may help to achieve the highest possible densities of 
quail populations. 
The question posed of the manager is: How does he produce simul-
taneously the greatest amount of edge per unit area and the greatest 
number of coverts, yet retain some practical field reality such as 
cultivation and the possibility for hunting or observing wildlife? 
The solution is quite empirical. Long strips of cover close to-
get2er produce much edge per acre. Very small patches of cover, say 
1 m, produce abundant coverts, but few managers would evaluate the 
results as functional edge for wildlife. Among the regular nesting 
geometric structures that can be fitted throughout a management area 
(Fig. 1), equilateral triangles provide the most edge per area enclosed 
with the maximum corners. 
Fig. 1 shows a management area, al 1 of m ich is potentially 
developable for quail. The task of the manager is to fit as many 
triangles into the area as possible, or that "make sense", given the 
local conditions. The lines shown can be any type of hedgerow or cover 
strip. The interiors of the triangles should be regularly (or randomly) 
cultivated food plots for quail or other small game. They could be 
in corn, bird-food mix, clover, fallow, or any similar rotation. Open-
ings (12 ft) are provided for hunters, dogs, and farm equipment. 
Computer-generated Table 1 will enable the land manager to 
maximize the amount of edge and coverts he can create on a given 
acreage. The table is based on the function of establishing equilateral 
triangles of the same size within 1 large equilateral triangle, The 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:::l 200 z 
100 
HUNTER AND FARM~ 
MACHINERY ACCESS 












OTHER TRIANGLES OF LENGTH A 
ARE FIT THROUGHOUT THE AREA 
Fig. 1. A iianageMent arM for eax'!!III.RI Nnagement of qua11. 
Equilateral triangles fit througheut the area can 
na.xilnize edge and coVl!'rts (see ht,le 1.) 
o LL__j___j__j_~:=:::::c:r:::c::~1==±==±==1===1 
M HQ ro n M % ~~I~ l"l~IM ~ ~2~ 












<I 5 6,000 
I-
2,000 
i:ig. 2. Relationship of ni.mx"r of coverts to length of the legs 
of small t;tquihter.\l trian-gles 011 M .\rea of 5 acres. 
M HQ W n M % 100 IW IM I" I~ I~ I~ IU2~ 
LENGTH OF SMALL LEGS OF TRIANGLE IN FT 
i:ig. ). Rehtionship of edge to length. of the legs of srri11l 
triangles on .\n area of S .\cre5. 
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E = [ o::[A/BJ [A/BJ - k) x 3BJ - [ [A/BJ 2 ,•, GJ 
k=O 
Where Eis the total length of all edges 
A is the length of the legs of the large equilateral triangle 
Bis the length of the leg of the interior smaller triangles 
k is the count of the number of triangles without common edges 
and G is the width of the opening or gate between each area, assumed 
throughout to be 12 ft. . 
[J symbolizes the absolute value. 
The number of coverts, C, is calculated from 
[A /BJ 
C = 
7=2 N(i-1) + i + 1 
where N(l) = 3. 
The land manager should determine on a map or photograph the size, 
in acres, of the largest equilateral triangle that he can fit into his 
management area. Within this large triangle, smaller equilateral 
triangles will be made. The manager, after deciding on the length 
of the legs of these smaller triangles, will be able to determine the 
amount of edge and number of coverts he can create. He can also see 
how much of the area is not being used either as edge or as coverts 
(considered residual due to the length of the legs of the small 
triangle). Subsequent triangles can then be fitted into the area until 
all spaces are developed. 
Fig. 2 shows how the number of coverts decreases as the interior 
triangles approach the size of the larger triangle for a 5-acre tract. 
On the same area, though, the length of edge decreases as the 
interior triangles increase (Fig. 3). The decrease is not as rapid. 
A balancing of the 2 factors is possible and by plotting any desired 
ratio of coverts to linear ft and observing the breaking point, it is 
possible to identify an optimum length of the leg of the interior 
triangle. 
With the tables, the trade offs between maximum habitat and max-
imum harvests or maximum quality hunts can be more rationally discussed 
and decided. 
Literature Cited 
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THE OKLAHOMA QUAIL HUNTER 
Ralph J. Ellis, Oklahoma Department of Wildlife Conservation, Oklahoma 
City 
Abstract: 
A questionnaire study of 2,690 Oklahoma quail hunters revealed that 
the most common type of hunter is a married man, 21 to 40 years old, 
who hunts 5 to 6 hr per day and 10 days per season. He hunts mostly 
on private lands about 35 miles from home and often has difficulty 
obtaining access for hunting. He is successful on ,0.75 of his 
hunting trips and harvests an average of 3.8 quail per trip. He spends 
about $9.60 per day while hunting. Saturday is his favored hunting 
day. 
Semiskilled workers earning about $7,000 per year are the most 
common type of hunter. The hunters are in agreement with the existing 
season, but many want 1 more day per week for shooting. 
Management implications of the findings are discussed. 
Oklahomans hunt bobwhite quail more than they hunt any other 
species of wildlife. Continued high levels of sporting use of quail 
cannot be taken for granted. Quail habitat is being reduced annually 
as brush is cleared from pastures and fence rows are cleared. Brushy 
draws are being bulldozed clean, channeled, and planted to bermuda 
grass. The result is more income for the farmer and fewer quail. It is 
folly to think that wildlife habitat can be preserved by asking farmers 
to stop clearing brush. A more·practical solution is either to develop 
alternate habitat components that are acceptable to quail and will pro-
duce income for farmers or to facilitate marketing of quail-based 
recreation by farmers. 
Before either of the above suggestions can be seriously attempted, 
it becomes necessary to determine the size, distribution, and other 
characteristics of the public need for quail. The present study con-
cerns one aspect of this need: the quail hunter. When all pertinent 
information about quail hunters has been examined we will know better 
where to put effort into habitat preservation and how far to go. 
Support of this study by the Oklahoma Wildlife Conservation 
Commission is gratefully acknowledged. Rangers Ballew, Clepper, 
Hembree, Hughston, Kidd, Randall, Reedy, Sanders, Smeltzer, and Sparger 
are due thanks for conducting interviews. Mary Usry, Becky Roberts, and 
Gene O'Brian are thanked for helping to analyze the data and prepare the 
report. 
Methods 
This study is based on information derived from questionnaires 
returned by Oklahoma hunters (Fig. 1). Ten thousand questionnaires were 
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mailed to persons who purchased 1967 resident hunting licenses. Three 
weeks after the initial mailing a second mailing was made to non-
respondents. The mailings were distributed geographically in the same 
propo~tions as the resident licensed hunters (2). 
Of the 5,280 questionnaires returned, 5,122 contained useful infor-
mation. Question 26 (Fig. 1) was answered by 4,410 hunters, 2,646 of 
whom hunted quail. This study, being concerned only with quail hunters, 
is based on returns from quail hunters only except where specified other-
wise. 
Resident hunters 16 and 65 yr of age were not sampled because they 
are not required to purchase licenses, consequently a random list of 
addresses for them was not available. However, there were 52 hunters of 
more than 65 yr who purchased licenses and returned questionnaires. 
These were included in the study. 
People who did not return questionnaires may have different attri-
butes than those who did. To help detect such bias, the names of 300 
persons who did not return questionnaires were selected at random. 
Rangers were asked to visit these people and ask them for the information 
called for on the questionnaires. Information was obtained from 44 
(15%) of these hunters. One hundred and thirty-two (44%) were out of 
state, deceased, in military service, moved, or at unknown locations. 
The remaining 124 either would not cooperate or could not be reached 
with reasonable effort. 
Employment classifications were modeled after those used by the 
Oklahoma Employment Security Commission. Examples of the classifications 
are: Professional= teachers, bankers, doctors; White Collar= book-
keepers, store clerks, bank clerks; Skilled Workers= electricians, 
machinists, construction foremen; Semiskilled Workers= truck drivers, 
oil field pumpers, barbers; Unskilled Workers= janitors, yardmen, 
guards; Agricultural Workers= those working on farms, ranches, or 
feedlots; Nonworkers = students, retired persons, housewives, disabled, 
and unemployed persons. 
All population data was derived from Oklahoma Data Book (4). State 
planning regions (Fig. 2) were used where geographic comparisons were 
made. 
Results 
Vital Statistics of Hunters 
nonquail 
(Fig. J). 
Three-fourths of all respondents, including 
hunted quail in at least 1 of the past 3 seasons 
60% of this group hunted quail in 1967 (Fig. 4). 
hunted by as many people that year (Fig. 4). More 
interviewed hunters hunted quail in 1967 (Fig. 4), 
60% figure is conservative. 
hunters, 
More than 
No other species was 
than 68% of the 
suggesting that the 
Persons of all ages sampled (16-65 yr) hunted quail (Fig. 5). 
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However, a larger percentage of persons 21 to 40 yr of age hunted than 
did age groups younger or older. Persons 16 to 20 and 41 to 64 yr 
old made up about 2% less of the responding hunters than they did of 
the statewide population (Fig. 5). Conversely, those 21 to 40 yr 
old made up about 7% more of the responding hunters than they did of 
the statewide population. 
Eighty-two% of the hunters were married. Eighty-four% indicated 
that they were the head of the household and 13% said they were a child 
of the head of the household. Women constituted 2.4% of the hunters. 
Most quail hunters (88%) came from households that contained only 1 
or 2 quail hunters including the respondent (Fig. 6). The households 
averaged 4.9 persons. 
The number of quail hunters in Oklahoma during the study period 
was approximately 167,000 (Table 1). 
People of all income levels hunted quail (Fig. 7). Interviewed 
hunters earned considerably less than those returning questionnaires, 
suggesting that low income hunters were not as responsive as those 
earning more. 
About 33% of the hunters were semiskilled workers (Fig. 8). 
Otherwise, the most abundant groups were agricultural workers (16.9%) 
and nonworkers (16.2%). The interview sample differed from the mail 
sample by having a smaller percentage of semiskilled workers and larger 
percentages of unskilled and agricultural workers (Fig. 8). 
Possession of Dogs; Hunting of Game Other Than Quail; Party Size 
Eighty-seven% of the quail hunters hunted in parties of 2 or 3 
people (Table 2). Average party size was 2.5 and the median was 2.0. 
More than 98% of the quail hunters indicated that they owned 1 or 
more bird dogs (Fig. 9). It seems unlikely that such a high percentage 
of hunters own a bird dog. What is more likely is that hunters not 
owning a bird dog omitted the question rather than put zeros in the 
blanks. Nevertheless, the data do indicate that of those who own dogs, 
most own 1 dog and very few own more than 2. 
Most quail hunters also hunted other species (Fig. 10). Only 11.3% 
of those answering the questionnaires hunted quail only. Species other 
than quail hunted most by the quail hunters were doves, squirrels and 
rabbits in that order. Usually these species are not hunted at the 
same time as quail. Reasons for this condition are that either the 
seasons do not overlap (doves), or the animals inhabit different areas 
(squirrels), or such hunting is considered bad for bird dogs (rabbits). 
More than 23% of interviewed hunters who hunted quail hunted nothing 
else (Fig. 10). Other species hunted were about the same as hunted by· 
mail respondents. 
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Amount of Time Hunted 
Questionnaire respondents averaged hunting 5.7 hr per day (Fig. 11) 
and 10 days per season (Table 3). Interviewed hunters averaged 5.5 hr 
per day and only 6.2 days per season. The most persistent hunters 
seemed to have a greater tendency to return questionnaires. 
Nearly 0.5 (46%) of the hunters hunted quail during the 1967 season 
and in the 2 preceding seasons (Fig. 3). The 8% who hunted during the 
1967 season but not in the 2 preceding ones possibly represent annual 
recruitment. Interviewed hunters hunted somewhat less than the mail 
respondents (Fig. 3). 
Hunters' ages seemed to affect how much they hunted, Hunters 16 
to 20 yr old hunted about 0.5 hr less per day than older hunters (Fig. 
12). However, they hunted more days per season (Fig. 13). In terms 
of total hunting effort (hr per season), the 21 to 40 yr old group 
hunted 56.8 hr or nearly 2 hr more than the 16 to 20 yr olds./ (Fig. 14). 
Hunters more than 40 yr old reported hunting less than 50 hr per season. 
More than 0.5 of total hunting effort (hunters x aver hr hunted) 
was expended by hunters in the 21 to 40 yr old group (Fig. 15). 
Control of land hunted on affected how much hunters hunted. Those 
hunting on leases and on lands of friends and relatives hunted more 
hours per season than those hunting on other kinds of land (Fig. 16). 
Persons hunting on their own land and on public land seemed to hunt 
less than those hunting on other land. 
Quail hunters who hunted mostly on public land hunted the least 
number of days and the most hours per day of any group (Fig. 16). 
These hunters, it seems, do not go hunting often but when they go, they 
make the most of it. 
The number of times a hunter hunts quail appears to be related to 
his occupation (Fig. 17). Unemployed persons hunted quail more days 
per hunter than the other respondents. Semiskilled workers and 
agricultural workers hunted the least number of days per hunter, 
Even though semiskilled workers hunted the least number of times per 
hunter they exerted more hunting effort, as a group, than any other 
employment group (Fig. 18). This condition was due to the large propor-
tion of semiskilled workers in the hunter population (Fig. 18); 
Quail hunters owning 5 or more bird dogs hunted more times than 
the others (Fig. 19). Hunters owning no bird dogs hunted the least 
number of days. 
Hunters hunting quail close to home (0.20 miles) hunted fewer hr 
per day than those hunting farther (61-80 miles) (Fig. 20). This rela-
tion did not hold well for distances beyond 80 miles. No apparent 
relation was noted between the distance traveled and the number of days 
hunted by hunters (Fig. 21). 
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Preference for 3 to 4 days per week open for quail hunting was 
indicated (Fig. 22). This preference was for nearly 0.5 day per week 
or 3.6 days per season more than then allowed by law. Quail hunting 
was permitted only on Tuesdays, Thursdays, Saturdays, Christmas Day and 
New Year's Day--a total of 26 days. 
Locations and Ownerships of Hunting Lands 
Where hunters go appears to be governed mostly by their desire to 
hunt near home and to have a productive hunt. Nearly 53% of the respond-
ents drove less than 21 miles one way to where they hunted quail 
(Fig. 23) and 73% drove less than 41 miles. The average distance for 
all hunters was 34 miles. 
Hunters should be expected to go to areas offering the best hunt-
ing. This was true except when the good areas were 100 or more miles 
from where the hunters lived. For example, Planning Regions 10 and 11 
(Fig. 2) were good hunting areas (Fig. 24,25) but received only moderate 
hunting pressure (Fig. 26), apparently because they were more than 100 
miles from Oklahoma City in Region 8, the nearest major concentration 
of hunters (Table 4). However, the greater distance driven by those 
who did hunt Regions 10 and 11 (Fig. 27) suggest that some hunters 
from midstate are willing to drive 150 miles or more for good hunting. 
Planning Region 5, which was not a particularly good quail hunting 
area, received one of the highest concentrations of hunters (Fig. 26). 
Apparently this occurred because the region is located midway between 
the 2 largest concentrations of hunters in the state (2): Oklahoma 
City and Tulsa. Regions 6 and 8--where Tulsa and Oklahoma City are 
located--contained more hunter residences but received less hunting 
pressure than any other 2 regions (Fig. 26). The best explanation for 
this condition is that opportunities for hunting are very limited in 
these regions and access to the supply is difficult to obtain (Fig. 28). 
Regions 1, 2, 3, 4, 6 and 8 probably are hunted mostly by hunters 
staying in their region of residence (Fig. 26). The average distance 
driven by people hunting these regions is approximately the distance 
from the center of population to the center of the hunting opportunities 
(Fig. 27). For example, the major quail area in Region 8 is in Lincoln 
County, about 32 miles (Fig. 27) from Oklahoma City. 
Hunters indicated that they would drive, on the average, 24.3 
miles 1-way for 5 quail per day and 51.4 miles for 10 quail per day 
(Fig. 29). On the other hand, they reported driving an average of 34 
miles to the hunt area (Fig. 23) and an average harvest of 3.8 quail 
per trip (Fig. 30). This suggests that most quail hunters would not 
drive further for the kind of hunting they experienced in 1967. 
One's income appears to affect where he hunts. The more affluent 
hunters drove farther than the less affluent (Fig. 31). 
Sixty-nine% of the hunters indicated that they hunted on private 
lands not leased or owned by them (Fig. 32). This finding held true 
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for hunters of all income levels (Fig. 33). Hunters earning< $7,000 
per year hunted on their own lands and on hunting leases much more than 
expected. No reason for this finding was noted. Persons earning $7,000 
to $15,000 annually hunted on public lands more thandid persons earning 
more or less. Those earning less appear to be less ~ble to travel to 
the public lands (Fig. 31) and less likely to be informed about these 
lands. Persons earning> $15,000 annually seem more likely to seek 
private hunting lands. Thus persons earning $15,000 to $25,000 hunted 
on leases more than any other group (Fig. 33). Also, hunters earning 
> $25,000 (sample=9) hunted their own lands much more than did other 
groups. 
A large percentage of hunters in all income groups hunted on lands 
that they owned. It is suspected that some of this land was not owned 
by the hunter but by near relatives such as parents. 
Leasing of lands for hunting appeared uncommon. Less than 3% of 
the hunters reported hunting on leases (Fig. 32). Some of those who 
hunted leases were guests and not lease holders. 
Where quail hunters hunted was related to their employment. For 
example, hunters from all employment groups except agriculture hunted 
private lands, not owned or leased, more than any other type (Fig. 34). 
Agricultural workers hunted mostly on their own lands. 
Agricultural workers hunted public lands more than any other group. 
Frequent use of these lands by nearby farmers may account for this con-
dition. Persons from all employment groups were represented by people 
hunting on hunting leases (Fig. 34). Probably some of the unskilled 
and nonworking persons hunting on leases were visitors and not lease 
holders. 
Where quail hunting occurred seemed to be related to ease of 
obtaining access. People hunting in Planning Regions 1, 6, 8, and 9 
had the most difficulty (Fig. 28) gaining access. Two of these regions 
(6 and 8) are small and had large numbers of hunters (Fig. 26). 
Under such conditions landowners are subjected to more harassment from 
hunters than in areas with fewer hunters, and the landowners react by 
increasing posting. Why hunter access in Regions 1 and 9 was restricted 
is not clear. 
Hunter access in Region 7 was the best of any region (Fig. 28). 
Also, quail hunting there was good for many hunters (Fig. 24,25, and 26). 
This situation is confusing because Region 7 does not have abundant 
quail range and has very limited public hunting lands. 
The presence of large public hunting areas affording good quail 
hunting should ease the access problem. Such areas exist in Regions 
1, 2, 3, 4, 6, 10 and 11. Public hunting areas in other regions are 
either small or not especially good for quail. The effect of these areas 
on access appeared to be small, probably because they accomodate such a 
small part of the hunters. About 42% of the hunters from all regions 
experienced difficulty obtaining access. This figure does not represent 
"would-be hunters" who did not go hunting due to a lack of suitable access. 
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Persons hunting quail out of state at least once during the 1967 
season made up 7.5% of those sampled. More than 70% of those hunting 
quail out of state hunted in a state contiguous with Oklahoma (Fig. 35), 
Kansas and Texas were the most popular by far. 
Hunters were not asked why they hunted out of state, However, the 
frequency of such hunting was not high, and apparently much out-of-state 
hunting was done by people who live close to the states where they 
hunted. For example, hunters hunting out of state averaged spending 
only 11¢ per day more for gasoline than hunters who did not hunt out 
of state (Table 5). If the hunters hunting out of state had done so 
frequently and traveled far, the difference in gasoline expenditures 
would have been greater. 
Where quail hunting occurred probably was not related to crowding 
of hunters - at least not on private lands. Fifty-three% of the 
responding hunters indicated that they encountered other hunters on 
private land 1 or more times during the 1967 season (Fig. 36). Those 
who had such encounters did so an average of 3.4 times, This may 
indicate that the more productive or accessible private lands attract 
a majority of the quail hunters. 
The highest rate of encounters occurred in Region 3 where 65% of the 
quail hunters had encounters. The most likely explanation for this is 
that large numbers of deer hunters were afield in this region during 
quail season, The rate of encounters in Region 5 was high also, probably 
for the same reason. 
Time of Hunting 
The quail season for 1967 permitted shooting on 26 days. Eight 
(31%) of the days for hunting were Saturdays (Fig, 37). All other 
hunting days were on Tuesdays and Thursdays except Christmas and New 
Year's Day which were on Mondays. Only on December 25 and 26 was it 
possible to hunt on consecutive days, 
Thirty-seven% of the quail hunting occurred on Saturdays, making 
this the leading day of the week (Fig, 37). Saturday hunting was 
pronounced in the case of those hunting on public lands and somewhat 
favored by hunters on private lands not owned or leased (Fig. 37), 
Persons hunting on leases showed a slight preference for week-day 
hunting. 
The hunters averaged hunting quail about 1 day per year while on 
vacation (Table 6). Those earning the most vacation time hunted more 
days, but a lesser proportion of their vacation time than did persons 
with shorter vacations. 
White-collar workers, agricultural workers and nonworkers hunted 
on week days more than other groups did (Fig. 17). On the other hand, 
semiskilled workers hunted on weekends (i.e. Saturdays) more than did 
any other group. This situation is related to the nature of employment 
of the groups. The semiskilled workers are tied to a Monday-through-
Friday work schedule more than the other groups. Thus they are less 
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able to hunt on week days. White-collared workers are also tied to a 
Monday-through-Friday work schedule, but by nature of being more at 
the executive level, are more free to be off the job on days they 
choose. 
Skilled workers, nonworkers and professional people hunted more on 
vacation than did the other groups (Fig. 17). Agricultural workers did 
little vacation hunting. Most farmers are not accustomed to thinking 
of a day off for hunting as a day of vacation in the sense a factory 
worker would. Furthermore, farmers often work during mid day and hunt 
in the early morning or late evening. Vacation hunting by nonworkers 
probably relates to students hunting on Thanksgiving or Christmas 
holidays. 
Older hunters hunted more on week days and less on weekends and 
vacations than young hunters did (Fig. 38). This finding suggests a 
desire to hunt week days and avoid the Saturday crowd. Older persons, 
by nature of tenure on the job, are more able than young people to 
get off from work on week days. 
Persons hunting near home hunted more on week days than did persons 
hunting far from home (Fig. 39). Hunters possibly did not like to 
drive far for a 1-day hunt knowing that they would get home late and 
have to get up early for work the following day. Saturday hunters did 
not face this problem. The number of days of hunting quail on Saturdays 
and vacations apparently was not related to the distances driven to 
the hunting area. 
Hunters apparently liked the season to which they were accustomed. 
Tuesday-Thursday-Saturday quail hunting had been the law in Oklahoma 
for many years and hunters have become accustomed to it. In response 
to the question on hunting days preferred, 7 of 10 hunters wanted quail 
hunting on Tuesdays and Thursdays whereas 9 of 10 wanted Saturday 
hunting (Fig. 40). Three of 10 wanted to hunt quail on the other week 
days and 4 of 10 wanted to hunt on Sundays. 
Hunters were asked which starting and ending dates they preferred. 
The most popular starting date was 20 November which is the date set 
by statute many years ago (Fig. 41). There was considerable interest 
in opening the season during the first week of November. 
The period of January 11 to 15 was the most popular ending date 
(Fig. 41). Considerable interest was also shown for ending the season 
in the first week of January. The closing date set by statute is 
January 15. 
Hunting Success 
Success of hunters in bagging quail varied greatly according to 
the region hunted. Persons hunting in Region 8 (Fig. 2) averaged 
2.4 birds per day while Region 11 hunters averaged 4.6 birds (Fig. 24). 
The average for the entire state was 3.6 birds per day or 17.4 per sea-
son. 
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With the exception of Region 8, quail hunters throughout the state 
were successful on 72% or more of their hunting trips (Fig. 25). The 
low success experienced in Region 8 was expected because quail range 
there is limited and numbers of hunters were high (Fig. 28). Western 
Oklahoma, particularly Regions 7, 9, 10 and 11, afforded the best 
hunting in 1967 (Fig. 24). Region 6 in the northeast was also good. 
Quail hunting in western Oklahoma is poor during drouth years and 
good during years of normal rainfall. Excellent hunting occurs during 
most years following drouth years, provided that moisture is adequate. 
By this measure, the 1967 season should have been good to excellent. 
Rainfall for west-central Oklahoma during 1966 was 17.4 inches or 6 
inches below normal (5). During 1967 rainfall was 0.5 inch below normal. 
Persons hunting on leases reported a higher degree of success than 
did those hunting on other kinds of lands (Fig. 42). Those hunting on 
public lands had the lowest success. This difference in success 
probably relates to differences in hunter proficiency, hunter densities, 
and harassment of game. 
Hunter success generally increased with hours per day hunted (Fig. 
43). Two exceptions to this relationship involved those hunting only 
1 hr per day and those hunting more than 7 hr per day. The latter 
exception may represent either ineffective persistent hunters or hunters 
who counted travel time, meal time, etc. as hunting time. The 13 
hunters who averaged hunting 1 hr per day and were successful in 67% 
of their trips may be people such as farmers, oil field pumpers, and 
mail carriers whose daily routes through the country enable them to 
learn of covey locations. 
Dogs added to quail hunting success. Hunters who reported owning 
dogs were successful on 75.4% of their trips (Fig. 44). This is 
compared to 68.5% for those not owning dogs. No doubt many hunters 
not owning dogs hunted with someone who did. If so, the effect of dogs 
on hunter success probably is more pronounced than suggested by Fig. 44. 
The degree of success expected is somewhat indicated by the season 
and bag limit desired. Most respondents (73%) indicated a preference 
for a daily bag of 10 quail (Fig. 45). The legal limit in effect during 
1967 and before was 10 quail per day. 
Expenditures for Quail Hunting 
The average expenditure per day reported by quail hunters was $9.62 
(Table 5). Gasoline was by far the largest item. Since the question 
asked for expenses only "while hunting", such items as clothing, guns, 
licenses and the costs of keeping a dog throughout the year are not 
included. The average of $96 spent during quail season may represent 
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Management Implications 
Information in the foregoing pages can be helpful to administrators 
and managers when they plan wildlife programs and make regulations. 
Some applications are discussed below. 
This study supports the common belief that the most pressing problem 
for quail hunters is a place to hunt. Quail numbers and hunter access 
are both decreasing. Public hunting areas are more important than ever 
but they can furnish only 15% to 18% of the need. 
The only possibility for greatly increasing quail hunting opportuni-
ties exists on private lands. The lands are not crowded and a large 
portion of the quail produced there are seldom if ever hunted. 
It is not likely that farmers will open their lands to the city 
hunter unless there is a profit motive. When farmers learn that they 
can market hunting opportunities and when other conditions, particularly 
longer hunting seasons, are conducive to their doing so, almost anyone 
with $5 to $10 can have a good day's quail hunt near his home. The 
average hunter spends this much driving to western Oklahoma seeking 
free hunting. The need to assist farmers in marketing hunting opportuni-
ties was pointed out 42 years ago by Aldo Leopold and others (3). He 
noted that while paid hunting repulses som'e, "no game" is even more 
repulsive. In Oklahoma we are headed toward "no game". 
Quail seasons such as existed in 1967 do not induce farmers to 
manage quail and market the opportunity to hunt. Forty to 60 consecu-
tive hunting days are needed. 
In view of the great demand for quail hunting opportunities, every 
feasible effort should be made to accommodate more hunters on public 
lands. Efforts to obtain hunter access to public lands now closed 
should be continued. Publicity to direct hunters to unused hunting 
opportunities on public lands should also be continued. 
This report provides information about hunters that is useful for 
preparing p]ans for public hunting areas. For example, hunters wanted 
to hunt near home, and where this was possible they hunted more days 
per season. This finding demonstrates the need for developing hunting 
opportunities near the people. Planning Regions 3, 1, 6 and 9 in 
that order (Fig. 23) need more hunter access. Region 8 and 5 need more 
intensive management to increase hunter success. 
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Table 1. Estimated numbers of hunters in Oklahoma, 1961-1971. 
Year Resident Hunters Quail Hunters 
1961 252,387 151,143 
1962 296,777 178,066 
1963 274,674 164,804 
1964 269,062 161,437 
1965 281,606 168,964 
1966 306,472 183,883 
1967 278,619 167,171 
1968 253,895 152,337 
1969 285,056 171,034 
1970 302,221 181,333 
1971 352,347 211,408 
• Includes licensed and non-licensed hunters; numbers of licensed 
hunters determined from license sales figures and numbers of 
non-licensed hunters estimated using figures from Craighead, (1). 
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Table 2. Percent of quail hunters in different sized hunting 
parties. 
Hunters Pe.t Parties % of Parties 
Party 
1 93 4.2 
2 1,151 51.9 
3 778 35.1 
4 167 7.5 
5 or more 30 1.3 
2,219 100.0 
Ta.0le 3. Days per season hunted by male and female quail hunters. 
Sex Sample Av. Days Hunted 
Male 2,041 10.1 
Female 51 6.6 
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Table 4. Distribution of Resident Licensed Hunters in Okla-
homa, 1968 (2). 
Planning % of Oklahoma % of Resident 
Region Population Licensed Hunters 
1 6.2 6.9 
2 7.5 13. 5 
3 5.8 7.0 
4 6.9 9.0 
5 9.0 8.8 
6 15.6 12.2 
7 7.9 10.6 
8 22.8 14.3 
9 10.8 8.5 
10 5.1 4.9 
11 2.4 4.3 
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Table 5. Average daily expenditures of quail hunters who did 
and did not hunt out of state. 
Average Daily Expenditure 
Item Hunters Not Hunting Hunters Hunting Both 
Out of State In and Out of State 
Gasoline $3.69 $3.80 
Food 1.85 2.22 
Ammunition 1.98 1.71 
Lodging 1.06 .88 
Other 1.04 1.90 
Total 9.62 10.51 
Sample 2023 164 
Table 6. Vacation days earned and vacation days used for 
quail hunting. 
Vacation Percent of Average Number 
Length Vacation Days Vacation Days Sample 
(Days) Hunted Hunted 
1 - 5 12.8 .36 80 
6 - 10 10.0 • 72 361 
11 - 15 10.0 1.06 326 
16 - 20 10.1 1.51 129 
21 - 25 6.3 1.14 46 
More than 26 6.0 1.29 106 
Total 9.0 .97 1048 
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lli<-LAHOMA QilAIL HUNTER QUESTIONNAIRE (1967-€8 Season) Planning Form # 8, Okla. Dept, of \vildlife Conservation 
NOfE: If you did not hunt quail in Oklahoma last year, please complete only questi,:,r.s 1, 2, 17, 18, 19, 22, 23, 











Please check the seasons when you hW1ted quail in 
Okla: ( )1967-68 ( )1966-67 ( )1965-€6 ( ) none 
Please indicate your age ( ) , and sex ( ) 
How many days did you hunt quail during the past 
season? 
a. On weekdays (excluding vacation)? ____ _ 
b. On weekends (excluding vacation)? ____ _ 
c. On vacation? ____ _ 
Did you hunt quail out of state last year? __ _ 
If so, where?-,,.,-,-------,----
On which lands did you hunt quail last season? 
a. Own land b. Public lands 
c. Lands of ~ds d. Hunting lease 
or relatives e. Other private ~s 
Did you experiencedifficulty in finding places to 
hunt: Yes ( ) No ( ) 
What was the usual number of hW1ters in your hunt-
ing party? 
~lease indicate the type of quail season you would 
like to have seen during the past fall: Season 
dates from to -,-,--- Hunting to be legal 
on: (circle choices) Mon. Tues. Wed. Thurs. Fri. 
Sat. Sun. Bag limit of ___ .,...._quail per day. 
How many bird dogs do you own ( include all ages) : 
Pointers __ Setters __ Brittanys __ others __ 
How many miles would you drive for a one day hunt 
yielding 10 quail per day? ____ ; 5 quail per 
day---~-
How many times last season did you encounter other 
hW1ters while hW1ting on private land? ____ _ 
About how much money per day did /OU spend last 
season for the following i t~!"ms whilt quail hant-
ing? Gasoline food ammtu1ition __ _ 















On a normal quail. hunting trip, r.m,, many hours 
per day do you hunt? 
In what cotu1ties did you htu1t 2 or more times 
last season? ________________ _ 
On what% of the days when you hunted quail last 
season did you bag: no quail % 1-5 qGail % 
5-10 quail % -- --
How many mi~ did you travel on an average 
quail htu1ting trip last season from your home 
to where you hunted? ______ _ 
Are you married? ____ _ 
Indicate your position in yoGr household: 
head of household , spouse of head of house-
hold , child ;;;-;;-ead of hoc:sehold , 
other=====-- ---How many persons (including yourself) are 
memb2rz of your household: Person's over 16 
years; males , females :Persons tu1der 
16 years; mal~ , fema~ 
How many members of your family~ quail 
(include yourself)? ____ _ 
How many years have you lived in Oklahoma? 
What is your primary occupation (if W1- ---
employed, indicate 11none 1')? -.,.-,----~~-
Ci1cle the days that you normally have off each 
week. SW1. Mon. Tues. Wed. Thurs. Fri. Sat. None 
How ffiany days (working days) annual vacation 
do you have? ___ _ 
Pleas0 check the box that fits your annual in-
come before taxes (we need this information to 
tailor programs you can afford) ( )less than 
$3,000, ( )$3,001 to $7,000, ( )$7,001 to 
$15,000, ( )$15,001 to $25,000, ( )over $25.000. 
Circle animals you hunted last season: water-
fowl, dove, pheasant., turkey, crmv, rabbit, pr. 
chicken, squirrel, deer, raccoon, c~yote, bobcat. 
Fig. 1. Oklahoma quail hunter questionnaire. 
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Fig. 3. Persons hunting quail in Oklahoma, 1965-1967. 












Percent of Hw1ters• 
20 10 40 50 60 70 80 90 100 
Mail Returns ('.�ample ., 3410) f:::3 
Interview Respondents (Sample '=' 44) 1:.::-:::J 
Fig. 4. Percent of all hunters hunting 13 kinds of game. 
• Includes non-quail hunters 
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Percent of Hunters• 
50 
l::J % of hunters by age group 
Q % of Oklahoma population by age group 
Fig. 5. Percent of Oklahoma residents and hunters by age groups. 
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Percent of Families 
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(Sample 1,402) 
Fig. 6. Percent of hunter's families containing different numbers of hunters. 
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Fig. 8. Percent of quail hunters by employment group. 
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Percent of quail hunters owning bird dogs. 
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IZ2J Percent of Mail Respondents 
(Sample = 2073) 
100 
l:: :) Percent of Interview Respond.ents 
(Sample "' 30) 
6 
Fig. 10. Percent of quail hunters hunting different kinds of gaine. 
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Number Hr. Percent of Quail Hunters 
Hunted Per 




4 18. 5 
5 15. 5 
6 31. 6  
7 6. 3 
8 13. 9  
9 2. 4 Av. No. Hours 
10 or 
more 
Hunted Per Day= 5. 7 
3. 4 Sample= 2,267 
11. Percent of quail hunters hunting different numbers of hours per day. 
Age of Hours Hunted Per Day Sample Hunter 
1 2 3 4 5 6 7 8 9 (Years) 
16 - 20 269 
21 - 40 5. 8 1,040 
41 - 64 5. 8 825 
65 & Older 5. 7 31 
Fig. 12. Hours per day hunted by different age groups. 
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Days H'.mted Per Season 
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(Sample = 2,063) 
Sampl 
Fig. 14. Total hours per season hunted by different age groups. 
335




16 - 20 
21 - 40 
41 - 60 
327 
Percent of Total Hunting Effort• 
10 20 30 4 50 6 
(Sample = 2,063) 
Fig. 15. Percent of total hunting effort exerted by different age groups. 
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Fig. 16. Hours and days hunted by quail hunters on different kinds of htmting lands. 
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/\.vera,;,e Number of Days Hunted Total Sample 
3 4 5 6 7 8 9 1 Days 
Unskilled 10.4 92 
Q weekdays 
� . weekends 8.4 478 
Vacations 
Skilled 10.8 164 
10.8 133 
l?rofessiona 10.9 102 
�-��"--�-;.._...c._.r;..._-'-J 6 .6 
Agricultura '---'-=---"'--.;..,� 10.0 191 
Non-Working 11.9 214 
1.8 
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Fig. 18. Percent of total hunting effort done by different employment groups. 
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Miles Driven 
Fig. 20. Hours per day hunted by hunters driving different distances to hunting 
areas. 
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Number of Days 
4 5 6 7 
Sample 
8 9 10 
Fig. 21. Days hunted by hunters driving different distances to hunting areas. 
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Percent of Hunters 
20 30 . . 40 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :l 43. 5 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :I 30.2 
::::::::::::::::::::-117.4 
Average Number of Days Preferred= 3.7 ( Sarnple=l, 260) 
Fig. 22. Percent of hunters indicating preferences for specific numbers of 
days per week to be open for quail hunting. 
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verage Number of Quail Harvested Average Daily Seasonal 
Harvest 10 20 30 Harvest 
2.56 � . 15,9 
2.94 17.0 






3.85 (Sample= 1139) 25.7 
3.85 25.7 
4.56 30.0 
Fig. 24. Quail harvested per hunter in different planning regions. 
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Percent of Quail Hunters 
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(Sample� 1139_c._) ___ .., 
Fig. 26. Percent of quail hunters hunting in different planning regions. 
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(Sample0 1073) 
Fig. 27. Average miles driven to hunting area by persons hunting quail in 
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Fig. 28. Percent of hunters having difficulty and not having difficulty 
obtaining access for quail hunting in different planning regions. 
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5 Quail per Day 
Av. Miles Hunters Would Drive 
for 5 Quail Per Day = 24. 3 
10 Quail per Day 
Av. Miles Hunters Would Drive 
for 10 Quail Per Day = 51.3 
(Sample= 1070} 
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Fig. 29. Percent of hunters who would drive different distances for 5 and 10 





l - 5 
5 - 10 
Percent of Trips 
Av. Harvest Per Trip = 3. 8 quail (Sample = 1,051) 
Fig. 30. Percent of hunting trips when average quail hunter took 1-5, 5-10 
and no quail. 
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Income 
Range 
0 - $3,000 
$3,000 - $7,000 
$25,000 or More 
10 
335 
Average Miles Driven 
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5 7.5 
(Sample= 1523) 
Fig. 31. Average distances driven (one way) to hunt quail by hunters with 





























Fig. 32. Percent of hunters who hunted quail most on each of 4 kinds of hunting 
lands. 
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Fig. 33. Kinds of lands hunted by quail hunters with different incomes, 
expressed as � of each incon-e group who hunted each type of land most. 
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Fig. 34. Percent of quail hunters in each of 7 employment groups who hunted 
rrost on 4 kinds of hunting landa. 
• Unemployed, students, retired, disabled 
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Fig. 36. Percent of quail hunters in each planning region who encountered 
other hunters while hunting. 
*Aver. number of encounters by those encountering others 
**% of quail hunters in district who encountered others 
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Fig. 38. Percent of hunters hunting on weekdays, weekends and vacations by age 
group. 
• Includes vacation days 
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Fig. 41. Starting and ending dates for quail season preferred by quail hunters. 
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Fig. 42. Percent of hunting trips when quail were harvested on 4 kinds of lands. 
Feb. 
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10 or More 33 
Fig. 43. Percent of trips when quail hunters hunting different numbers of hours 
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(Sam le = 2 088) 
Fig. 44. Percent of trips when quail were harvested by hunters owning and 
not owning dogs. 
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Preferred Percent of Hunters Responding 
Bag Limit 10 20 30 40 50 60 70 80 90 
Sample 
1 - 5 4.2 85 
6 - 9 213 
10 73.0 1474 
11 - 15 216 
16 - 20 19 
More than 13 
Fig. 45. Preferred ntnnber of quail in the daily bag limit 
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3. Leopold, A. 1928, 1929, 1930. American Game Policy and Its 
Development, 1928-1930 (Reprinted in facsimile from Proc. 
of Am. Game Conf., Vol. 15, 16 and 17, by the Wildl. Manage. 
Inst. 1971). 
4. Robinson, J. L., and T. D. Curtis. 1969. Oklahoma Data Book, 
1968. Bur. Business Res., Univ. of Okla., Norman. 
5. U. S. Weather Bureau, Okla. City. (Personal Communications). 
SIMUI.ATION STUDIES OF QUAIL HUNTING SUCCESS ASSOCIATED WITH ECOLOGICAL 
SUCCESSION OF PLANTED PINE STANDS 
John D. Gavitt and Robert H. Giles, Jr., Division of Forestry and Wild­
life Sciences, Virginia Polytechnic Institute and State University, 
Blacksburg 
Abstract; 
A concept paper of a methodology is presented for explaining past 
populations and predicting future populations of bobwhite quail (Colinus 
virginianus), as a function of forest changes. The methodology is 
applicable to large landholdings, regions, and states. It relates, 
using computer technology, the number of potential covey flushes per 
100 acres per day to the age of forest stands or ecological succession 
curves. By summing quail flush curves over a large area, area-wide 
yields may be obtained. Flushes are modified by a shooting-quality 
factor and birds per covey. The computer-generated output tables pro­
vide an inventory, a historical overview, and projected populations. 
The results are useful for making forestry-wildlife tradeoffs, for 
explaining quail declines or increases as a result of forestry operations, 
and for improvements in allocating money to wildlife or forestry. The 
method is based on a similar system for big-game forage in the Pacific 
Northwest (2) and is now being developed. 
The primary wildlife management action is decision making (1). 
Highly effective rational decision making relies upon increasingly 
sophisticated tools of explanations and prediction. The quality of 
management of large land areas for wildlife is largely a function of 
the managers' predictive ability. The probability of being right when 
a manager of bobwhite quail populations says "If I expend these dollars, 
I will get these birds" is a measure of managerial skill and knowledge. 
Similarly, it is a measure of such skill for a manager to say with 
justified confidence: "Within the next 10 yr, the quail population 
will have declined 35%?" Such inputs are essential for improved 
decision making about changing practices or allocating management funds. 
One aspect of this general problem is the need to predict bobwhite 
quail populations over broad areas such as regions, counties, or pri­
vate landholdings of greater than 10,000 acres. One obvious need for 
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such prediction is to  help bring sportsmen's expectations in line with 
their satisfactions. Other needs are to aid in formulating management 
action programs, to provide the basis for interagency policy formulation, 
and even to provide the basis for an agency' s appeal to a court for an 
injunction against certain land-use practices. 
The need for better prediction has become increasingly evident as 
more areas throughout the southern and southeastern United States have 
come under intensive use--whether for pulpwood or peanuts. In Virginia 
alone, 750,000 acres are reported to have been converted to pines. 
The South' s Third Forest (3) documents plans for similar work 
elsewnere. These changes occur over thousands of acres, annually, in 
different soil types, having different growth potentials. In addition 
to the complexity, great size, and economic interest in such systems, 
they are very dynamic. Prediction in such a system is essential if the 
bobwhite quail manager is to be any more than a spectator. This paper 
presents the basis for and the methodology for a solution to a major 
aspect of this problem. We concentrate on the quail-timber interaction. 
Planting pine in the East has become a large--scale business with 
private timber companies. The upward trend leaves much potential for 
recreational opportunities. So far, this potential has barely been 
tapped in terms of offering quality sport for the quail hunter. Many 
sportsmen think of pine plantations as "biological deserts," when, in 
reality, certain stages in the development of the latter can provide 
sufficient food and cover to greatly benefit the bobwhite quail (Colinus 
virginianus). By understanding which stages in the maturation of pine 
stands are associated with high populations of quail, the number of 
potential successful hunting man-days can be determined. Since quail 
hunting on small farms is rapidly becoming rare due to land consolidation, 
intensive farming, and posting lands, hunting in young pine stands 
owned by large timber companies and in public land may become the areas 
for opportunity of success for the majority of bird hunters. The pur­
pose of this paper is to introduce the rationale for a computer simula­
tions technique for evaluating pine stands for quail hunting quality in 
terms of past, present, and future potential. Such an evaluation was 
done for big game forage production in various habitats in Idaho (2). 
The approach used is a modification of their technique now developed 
as a computer program. 
The first few yr of succession in a planted pine stand 
usually most important for quail production. The young trees have 
not completely shaded the ground, and competition for total available 
nutrients and water is not high. The available food for quail during 
these years is great. As the stand moves into the 10- to 20-yr-age 
class, quail food and cover production is curtailed greatly. We assume 
that potential quail populations are largely a function of cover and 
food, neither being in limiting supply during the early yr or the 
stand. Since cover and food production relates directly to the age of 
the stand, it can further be stated that the potential quail popula­
tion is a function of the age of the stand. This study deals with the 
pine stand stages involved in producing quail populations, and not t he 
specific environmental characteristics of each stage. 
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Development 
A "unit" may be defined as a particular pine stand of a relatively 
uniform age. Each unit is assumed to have a potentiality for producing 
quail. A quail population curve exists for each unit and is expressed 
in the number of covey flushes per 100 acres per day. Such curves are 
dependent on factors such as pine seedling spacing, method of planting, 
and site preparation methods. Such factors will vary with the area 
involved and its location. The greater the research investment, the 
more precisely the curves can be determined (See Fig. 1). By summing 
these flush curves, the quail potential of an entire pine plantation 
with multiple units may be described historically, in the present, and 
for the future (Fig. 2 and 3). Production of these covey flush curves 
is accomplished by (A) determining which factors in an area (e.g. 
spacing) will tend to produce decidedly different curves and defining 
lands containing these factors as "units," and (B) censusing the different 
units to produce flush curves that will relate to age. The amount of 
censusing done will depend on the accuracy needed for the curves and 
the forest age classes available. In general, if the area is characterized 
by rapid early, pine seedling growth, then the quail populations will, 
in turn, rapidly decline. In this case, extensive censusing (e.g. with 
bird dog along transects) will be done in stands that are from 1 to 4 
yr old. If seedling growth is slower, the censusing can be done less 
frequently and throughout more age classes. 
Stands that have reached certain peak age will have their covey 
flush counts level off from that age until the end of the rotation period. 
The canopy blocks out the available sunlight and cover, decreasing food 
production for quail. The covey-flush curve then remains static in a 
plantation from 15 to 20 yr (approximately) until it is cut. It is 
generally useless to census quail populations in older stands. In older 
stands, the flushing curve of a unit could be changed to a flushes-near­
edge curve, whereby covey flushes are measured in a zone along the edge 
of the stand. The width of that zone can be determined by the quail 
behavior (Fig. 4). 
Having identified on an aerial photo a number of units, each having 
a particular covey flush curve associated with their growth, quail pop­
ulations can be projected. The data needed for such projections are as 
follows: (A) acres in the stand, (B) yr stand originated, (C) flush 
curve that best fits the stand, (D) shooting-quality factor, and (E) 
covey-quality factor. The first 3 pieces of data are selfexplanatory. 
Numbers 4 and 5 are adjustment factors needed to determine the potential 
quality of shooting taking place in particular stands. 
The shooting quailty factor is the time during which a covey may be 
shot. The time is a function of the cover. The factor could be based 




4 sec or over 
1 to 3 sec 
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3 or more singles found 
1 to 2 singles found 




The above values are subjective ranks. Such values can be used to 
attempt to balance or better quantify such situations as those in which 
many birds are sometimes found in extremely dense cover, decreasing the 
chance of sport greatly. For example, a covey flushed in a stand where 
4 sec were available to shoot but only 1 single was found would be 
equal to 1.00 x 0.75 = 0.75 flushes per acre instead of 1. 00. This 
would indicate that the shooting would not be as good as the flushes 
per acre indicate. 
The second quality factor is dependent on the number of birds in 
the covey. This factor ranks those areas that can support the most 
birds per covey, and thus, the most hunting pressure and success. How­
ever, such an adjustment factor should be made before the hunting 
season. As in all cases, this factor could be eliminated when available 
research time is limited. 
The above information, then, will be recorded on a standard form 
and keypunched. Other information to be recorded for reference purposes 
is (A) extent of canopy, (B) type of vegetation, (C) type of last 
disturbance, and (D) food types available. Codes for such data sheets 
may be taken from the Wildlife Surveys Handbook, FS# 2609. 2, Region I, 
and additional information on coding procedures may be taken from Giles 
and Snyder (2). 
Output 
From the above data certain valuable output values can be computed. 
Total flushes per acre can be projected over an entire rotation period 
in a particular stand. From aerial photos, a flush curve for an entire 
plantation can be produced by the summation of these particular stand 
curves as shown in Fig. 3. By using the adjustment factors in the in­
put, the quality of the hunting in an area can be determined in terms 
of adjusted flushes per acre. This, in turn, will provide information 
for improved decision making for the wildlife manager. 
It should be evident that predicting quail populations in a particu­
lar year is not the objective of this concept. However, the general 
trends of quality-ranked quail activity will be extremely valuable to 
statewide management planning. In the past, such planning has been the 
product of human judgment, which is limited and often greatly biased. 
Using a sophisticated computer model, the planner will have a general 
working plan from which he can base his activities, compare alternatives, 
and make better informed decisions and explanations. 
An example may provide better understanding of the concept. 
Weyerhaeuser Corporation has a 40, 000-acre tract which it wishes to 
lease to Virginia sportsmen for bird-hunting rights. Sportsmen want 
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to know whether the $ 5 . 00 fee charged to them is worth the hunting 
opportunity now, and they w ill want to know the same in years to come . 
The Commission of Game and Inland Fisheries finds out the following 
about the area : 
1 )  20,000 acres is characterized b y  6 x 6 spacing which will 
be designated as Unit A .  
2) 20,000 acres is characterized by 8 x 8 spacing which will 
be designated as Unit B .  
The procedure is then as follows : 
1) The Commission either has or develops quail flush curves 
for the 2 units . 
2) By aerial photos, tracts are divided on the 2 units accord­
ing to year of origin (age) . 
3) The acreage is measured in each age-class tract . 
4) Samples are taken from each of these tracts to obtain 
an adjusted flush count per acre to determine the quailty 
of the hunting . 
5) The data are then processed and a proj ected overall yearly 
flush count is printed by the computer for each unit . These 
flush counts are summed to get an estimate of the future amount 
of quality-ranked quail act ivity, plantation wide . 
Thus, quail hunt ing success over huge acreages of land could be 
predicted well within the limits of confidence and precision needed by 
managers without them taking actual direct census counts . Past the 
initial cost of developing flush curves, the economics of this simula­
t ion method are minimal based on the amount of informat ion produced . 
The system is being implemented at Virginia Polytechnic Institute and 
Stat e University to provide insight into quail management for the future . 
Literature Cited : 
1 .  Giles, R . H .  1970 . The approach . In R . H .  Giles (Ed . )  Wildlife 
Management Techniques . Wildl . Soc . Wash . ,  D . C .  vii + 623 p .  
2 .  Giles, R . H .  and N .  Snyder . 1970 . Simu�ation techniques in 
wildlife habitat management . p .  23-50 . In D . A .  Jameson (Ed . )  
Modeling and systems analysis' in range science . Range Sci .  
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bobwh i te ouail covey-flushes within an area .  
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Fig . 2 .  An area o f  management ,  with four units , each with different 
characteristics , several having different dates of stand 
origin . 
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SEASONAL CHANGES AND HABITAT INFLUENC ING HELMINTHIASIS IN BOBWHITE 
QUAIL 
M. F. Hansen and R. J. Robel , Division of Biology , Kansas State University , 
Manhattan 
Abstract :  
Two hundred forty-four bobwhite quail (Colinus virginianus) were 
collected in Kansas and examined for helminths during 1963-1966. Total 
inc idence of helminthic  infection was 23% ;  24% in juveniles and 22% in 
adults. Total inc idence of nematode infection was 13% ,  cestodes , 10% 
and no trematodes were recovered. Six spec ies of nematodes , 1 species 
of cestode , and 1 spec ies of acanthocephalan were found in the quail 
examined. Peak inc idence of infection occurred from September to 
November during the 3- yr study . . Inc idence of infection was greater 
during February-April 1965 , than dur ing simi lar periods of 1964 and 1966. 
Bobwhites collected within 0. 5 mile of farms with poultry had a helminthic 
inc idence of 38% ,  whereas , those collected 1. 5 miles or more removed 
from farms with poultry had an inc idence of only 8% , suggesting that 
poultry may be serving as a reservoir of helminthic  infection for wild 
bobwhites. 
Generally it has been found that game birds in the wild are not 
overtly affected by heminthiasis. However , among birds raised in 
captivity under certain management conditions , some helminths may be 
prevalent and cause extensive mortalities (1 , 3 , 4 , 6 , 9 , 15). The inc idence 
and degree of infection reported for quail in the wild has been low 
with the exception of those studies encountering Aulonocephalus linguisti 
(9. 15) .  In high-density areas , quail usually have greater individual 
burdens and a wider variety of parasites than quail in low density 
areas (7). 
The study reported here (influence of seasons and habitats on 
the inc idence and spec ies of helminth in quail) was in conjunction with 
a study (R. J . R. )  of quail food habitats , energetics , and population 
dynamics in Kansas. This paper is contribution No. 1150 , Division of 
Biology , Agricultural Experiment Station , Kansas State University , 
Manhattan , Kansas 66502. 
The authors thank W. P. Tidball, Jr. for assistance in necropsy 
o f  bobwhite quail and analyses of his data for 1965 as a National 
Sc ience Foundation Undergraduate Research Partic ipant , and Dr. Ahmet 
Ka lkan for assistance in necropsies in 1964. Financ ial assistance was 
provided by t he Wildlife Management Institute ; Kansas Forestry , Fish 
and Game Commission ; U. S. Department of the Army ; and the Kansas 
Agricultural Experimental Station. 
Materials and Methods 
All quail were collected on the Fort R iley Military Reservation , 
Riley County , Kansas , during September 1963 to February 1966 (Fig. 1). 
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Topography and vegetation of t he study area as well as method of 
collection are described by Robel (13) . The birds were eviscerated 
(esophagus, trachea, crop, proventriculus, gizzard, intestines, and 
ceca) and the viscera were refrigerated until examined for helminths 
within several days . Standard parasitological procedures were used 
for recovering, fixing, and staining helminths . 
Results and Discussion 
Of 244 bobwhite quail examined for helminths during t his study, 
194 (79 . 5%) were juveniles and 50(20 . 5%) were adults .  Tip coloration 
of the greater upper primary feathers (10) and appearance of the 7th 
greater primary coverts (5) were used as age criteria . Juveniles 
exhibited a 23 . 7% incidence of infection while adults showed a 22 . 0% 
incidence, the incidence of infection in the 2 age classes was not 
significantly different (p>0 . 05) . The overall helminthic incidence 
was 23 . 3% .  The incidences of infection by classes of helminths were: 
cestodes (10%), reaching peaks in March and April, nematodes (13%), 
reaching peaks in November and February, and acanthocephala (1%) . No 
trematodes were recovered . 
Peak incidence of infection of quail during the 3 yr was in 
November, 1964, but highest incidence was in other months in 1965 and 
1966 (Fig . 1) . Temperatures were comparable during October-November 
of 1964 and 1965, but rainfall was much greater in this period of 1964 
compared with 1965 (Fig . 2) . The reduced rainfall in October-November 
of 1965 may have provided le�s favorable conditions for survival and/or 
development of helmint hic life stages and/or intermediate hosts, t hus 
reducing the helminthic incidence during this period . However, we 
can offer no explanation for t he relatively high helminthic incidence 
in b irds collected during February-April, 1965, compared with the 
absence of infection in birds collected February-March, 1964, and 
February, 1966 . 
Rhabdometra odiosa was the only cestode recovered and it occurred 
only in juvenile quail . Six species of nematodes were recovered: 
Heterakis gallinarum, !!_. bonasae (rare), Phvsaloptera .§2..· (rare), 
Subulara brumpti ,  Dispharynx spiralis and Seurocyrnea colini . Number 
of nematodes in the birds ranged from 1 to 21 with a median of 3 .  The 
acanthocephalan was a Mediorynchus .§2._. This acanthocephalan has been 
previously reported from quail (12, 14) . 
Bobwhites collected within 0 . 5  mile of farms with poultry had a 
helminthic incidence of 38. 0%, whereas those collected 1 .5 miles or 
more from farms with poultry had an incidence of only 8 . 1% (Fig . 3) . 
That . suggests that poultry may be serving as a reservoir of infection 
(principally, cecal worms) for bobwhite quail . No difference in quail 
population densities were detected near farm buildings versus areas 
1 . 5  miles or more removed from farm habitation . During the period of 
this study, poultry husbandry on t he farms associated with our study 
area (Fig . 3) consisted of chickens roosting in coops at night, but 
being free to roam habitat adjacent to the farm during daytime . There­
fore, it was possible for quail to ingest eggs of Heterakis gallinarum 
wh ile feeding in habitat contaminated by unconfined chickens . 
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Figure 1 .  Incidence o f  infection with ces todes and nematodes in bobwhite 
quail according to age. Dash lines under the abscissa ind ica te 
no helminths recovered , 
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F igur e  3 .  Distribut ion o f  non-infected and infected bobwhite quail in the 
For t  Riley Reservation s tudy area . Numbers by each type of c ircle 
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The highest percentage incidence of helminthiasis was associated 
with the cecal worm, Heterakis gallinarum . Because this species of 
nematode can infect chickens, turkeys, and pheasants (1 1), it is not 
surprising that it was frequently found among quail collected near 
farms with poultry . This nematode is known to carry the protozoan 
Histomonas meleagridis, the organism causing blackhead disease of 
turkeys and pheasants . Research has demonstrated that the bobwhite is 
refractory to histomoniasis when given virulent strains of the organism 
cultured in vitro, but is susceptible to histomoniasis when fed embryonated 
heterakid eggs of worms from chickens (2,8) . Laboratory experiments 
have demonstrated that bobwhites harbor the histomonad up to 6 months 
after initial infection (2) . Bobwhites could be important in spreading 
the disease to pheasant populations via contamination of the habitat 
with eggs of Heterakis gallinarum which carry the protozoan. 
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POPULATION DYNAMICS OF BOBWHITES ON AN INTENSIVELY MANAGED AREA IN 
SOUTHERN ILLINOIS 
W. D. Klimstra , Cooperative Wildlife Research Laboratory, Southern, 
Illinois University , Carbondale 
Introduction 
An intensive bobwhite quail management program was placed in opera­
tion on about 2,000 acres of The United Electric Coal Companies , Inc. 
properties near DuQuoin, Illinois in 1954 an d  was continued through 
1959. Included were approximately 800 acres of strictly idle land, 600 
acres of mixed idle and agriculture land, and 800 acres of intensive 
agricultural land. On idle lands , controlled burning, food strip 
plantings , fallow strips, and release cutting of trees in fencerows 
and field edges were carried out. Field size was reduced, fencerows 
widened , and food strips were established in the agricultural areas. 
In various years pen-reared quail were released , some in spring, some 
in summer, and some in fall in both areas. This paper describes the 
bobwhite population dynamics on these properties during 6 yr of 
management. 
Methods 
Population levels were determined by 3 censuses: 2 weeks before 
the hunting season (prehunting), immediately following the termination 
of hunting (posthunting , late December), and the third week in March 
(prenesting). B ecause of summer and early fall releases in 1954 and 
1955 , liberated quail were recorded as part of the fall population 
in thos e 2 yr. On the basis of percent return from h arvesting it 
was estimated that these released birds represented 5 and 10% of the 
fall-censused populations for 1954 and 1955 , respectively. Because 
of the apparent rate of mortality of liberated birds, it is estimated 
that they represented no more than 2 to 3% in any of the posthunting 
censuses and less than 1% in the prenesting censuses. Although some 
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quail from 2 of the fall releases and 1 of the spring rel eases survived 
until hunting seasons the following years, such releases were not con­
sidered as part of subsequent prehunting -cernused populations. Admittedly, 
not all aspects of the effects of the various releases can be completely 
evaluated. However, their contribution to population levels on this 
study area are bel ieved insignificant. 
Results and Discussion 
Three yr after the inst allation of management practices the 
quail population on these properties in the fall showed an increment 
of about 500% (Table l) ; total numbers of quail increased from 136 to 
66 7 birds and 13  to 52 coveys. The actual peak in population during the 
6 yr occurred 1 yr later, in 1957,  with 747 b irds and 52 coveys. 
Following this peak there was a decline to 4 98 birds and 44 coveys in 
1958 and to 486 birds and 38 coveys in 1959 . 
Prior to the management program, the quail populations on this 
area had shown a continuous decline over the previous 8 - 10 yr, 
reaching a level of 136 birds and 13 coveys in fall of 1953. This de­
cl ine was related to the gradual deterioration of the quail hab itat due 
to normal plant succession in the idle lands and increased intensity of 
intertilled cropping in the agricultural areas. According to reports, 
the highest populations for these areas occurred 8 to 10 yr previously. 
However, employees of the Company, who had been in c harge of hunting 
for several years, stated that maximal fall population levels never 
approached more than 50% of that real ized in 1957, following the intensive 
program of management. 
It is acknowledged that quail populations in southern Ill inois 
generally were increasing during the 1953-to- 1956 period. An unmanaged 
area, under study since 1950 near Carbondale, 18 miles southeast of the 
managed area, was used as a reference. It showed a population incre ­
ment of about 70% (237 to 392 birds) during this same period. It may 
be feasible to assume t hat a maj or portion of the 500% increase on the 
managed area at DuQuoin reflected the results of management efforts. 
Because of the relationship of the idle and agricultural lands it 
was possibl e to establish, somewhat arb itrarily, 3 types of areas based 
upon use: strictly idle land, intermingl ed idle and agricultural, and 
strictly agricultural. T he intermediate between the 2 extremes of 
land use revealed sl ig htly denser quail populations in 5 of 6 years 
as based on number o f  acres per b ird (Table 2) ; however, as reported, 
it likewise held the higher populations before management was install ed. 
At peak populat ion levels (1957) increase associated with land-use 
types was hig hest in the idle lands (605%), second highest in agricultural 
lands (4 74%), and third highest in the combination area (396%). This 
suggests that the greatest returns from management were real ized for the 
2 extremes in land use.  
Hunter success per man-hour and total harvest were highest from 
the combination type of land use in contrast to the other 2. This was 
b el ieved related to the behavior of the quail as the comb ination area 
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seemed to hold quail better, and to the fact that they were easier to 
hunt because of the distribution of cover . Idle areas had extensive 
heavy cover which afforded protection to quail when pursued by hunters ; 
also, the heavy cover discouraged the novice hunter and made shooting 
more difficult . In agricultural areas, quail were more widely dis­
tributed, being less restricted by cover distribution ; furthermore, in 
sparser cover they flushed more readily and worked less well for the 
dogs . There was some tendency to hunt the combination area more intensively 
because quail were easier to find and could be handled better by the dogs . 
Hence, there may have been a small disproportional hunter pressure in 
the 3 types of areas . 
Of special interest was the hunting pressure experienced by this 
managed quail population . In 1954, when hunting was restricted, 22 
parties averaged 1 . 8  days of hunting per week during a 30-day season . 
During the years 1955-59 the area was hunted an average of 4 . 5  days 
per week, totaling 90 hunting parties for the season . Such pressure 
is considered excessive and most undesirable by managers of quail 
plantations in southeastern United States (2) and results in poor hunt­
ing returns either in birds harvested or in covey finds . Because hunt­
ing activites were being conducted during morning and afternoon, and 
because the size of the area did not permit much change in places to 
hunt, the 90 hunting parties really meant as many as 180 individual 
hunting trips or an equivalent of 6 per day for the 30-day season . 
This then greatly magnifies the extent of the hunting pressure . 
The effects of the heavy hunting pressure were believed evidenced 
by the covey finds per hunting party per 0 . 5  hunter-day . The first 
week of the season covey finds averaged 3 . 0  per 0 . 5  hunter-day ; this 
declined to 0 . 4, a reduction of 2 . 6, by the last week of the season . 
The second and third week showed average covey finds of 2 . 0  and 0 . 9, 
respectively . Hunter success generally declined as the season progressed, 
and this relates directly to the decline in covey finds . 
The progressive decline in covey finds seemed a direct reflection 
of hunting pressure, which remained relatively constant during the 30-
day season . Seemingly, then, there was a progressive decline in the 
quail population as the season progressed . This was probably true only 
in part as it was clearly evident that coveys became increasingly hard 
to find as harrassment from hunters increased . However, field observa­
t i ons indicated that coveys not only changed their habits and utilized 
heavi er cover but some actually moved off the study area . 
Posthunting censuses reflected a significant population decline 
from the prehunting censuses . During the years of heavy hunting pressure 
( 1955-1959), populati on losses ranged from 57 to 83% (Table 1) . In 
contrast, the Carbondale Research Area, where hunting is more intense 
than the normal level on private lands, annual quail mortality due to 
hunting during 1955- 1959 ranged from 42 to 67% . These are unusually 
high compared to an estimated annual harvest of 25% ( 1) for wild pop­
ulations on a statewide basis . 
O f  special interest was the prenesting population on the United 
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Electric study area following the years of high hunter mortality. In 
the springs following the hunting seasons of 1955 and 1956, the pre­
nesting populations showed increments of about 32  and 60%, respectively 
( Table 1). Prenesting populations in 1958 and 1959 revealed virtually 
no change from the posthunting numbers of the previous 2 years . In 
contrast, the 1955 prenesting population was about 2 7% less than the 
posthunting population of the previous year when hunting was limited. 
This represents a more normal pattern of decline for wild populati ons 
and is similar to that established for the Carbondale Research Area 
over a 15 -year period. 
An analysis of the population decline during the hunting seasons 
and of the quail harvested by hunters showed that actual harvest 
accounted for only 4 2  to 5 1% of the total losses recorded during years 
of heavy hunting pressure. This indicated tha t hunter mortality was 
not solely responsible for the decline in the quail population. Field 
observations indicated that a possible consequence of the heavy hunter 
pressure was movement of coveys of quail into surroundi ng lands not 
included in the study area . In 1956 a check of about 600 acres of 
spoilbanks adj acent to the study area on the south and west revealed 
12 coveys in an environment considered appropriate for possibly 2 or 
3 coveys. A similar s ituation was apparent for woodland and pasture 
areas along the south and east borders. 
This was limited but good evidence that quail believed dislocated 
by heavy hunter pressure returned to the managed area within 2 weeks 
after the hunting season was terminated. This may account in part for 
the gain in populations or at least the little or no loss recorded 
during the winters of 1956 -59 as evidenced by the prenesting censuses. 
Probably some add i t ional birds, native to the surrounding areas, also 
moved on the managed acreage because of its superior habitat during 
winter. The extent o f  such movements was not known but 3 to 5 coveys 
may have been involved in any given year. This was possibly evidenced 
by the absence of population losses after the 195 7 and 1958 hunting 
seasons when one might have expected at least small declines following 
hunter -caused mortalities of 62 and 5 7%, respectively (Table 1). 
On the basis of prehunting populations, the peak of population 
increment occurred in 1956 ; however, highest fall populations occurred 
in 195 7, 1 year later. This delayed peak reflects a possible carryover 
from the previous year. Although the percent summer gain clearly re­
flect s inversity when prenesting and prehunting populations are compared 
( Table 1), such inversities are most strikingly demonstrated in 1958 
and 1959 when overall populations were declining and when breeding 
populations were the highest. 
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Tab le 1 .  Popu lat ion Dynamic s  o f  Bobwh i t e s  on Th e Uni t ed E lectric Coal  Compan i e s ,  Inc . ,  Duquo in,  
I l lino i s ,  1954 - 1959 . 
P er c ent change P ere ent change Percent change 
Prenest ing from Prehunt ing from Post  hunting from 
Year c oveys of b irds p o s t  hunt ing coveys o f  b ird s prenest ing c oveys of b irds prehunting 
1953  1 3  136 
1954 8 74 2 2  3 0 1  +30 6 .  7 18  169  -43  . 9  
1955 17  1 2 3  - 27 . 2  34 504 +309 . 8  10 108 - 78 . 6  
1956 16  143 +3 2 . 2  52 667 +366 . 4  1 2  1 14 -8 2 .  9 
1957  20  182  +59 . 6  5 2  747 +3 10 . 4  3 0  284 -62 . 0  
1958 24 269 -05 . 3  44 498 + 8 5 . 1 2 3  2 14 -57 . 0  
1959 25 215 +oo . 4  38 486 +1 26 . 0  23 205 -57 . 8  
Tab l e  2 .  Ac res p er bo bwhite  on d i fferent land use  typ e s , The Uni t ed E l ec tric Coal  Compani es , 
Inc . ,  DuQuo in , I l l inoi s .  
Type o f  Acres eer bird 
l and u s e  1954 1955 1956 1957 1958 1959 
Id l e  a rea 
( 800 ac . )  6 .  5 3 . 8  3 . 0  2 . 5  3 . 0  3 . 7  
Id l e  and 
agric u l t ure 
a r ea ( 600 ac . )  6 .  2 3 . 4 2 . 0  1 .  9 4 . 0  3 . 5  
Agricultur e  
a r e a  ( 600 ac . )  8 . 4  7 . 5  4 . 4 4 . 2  6 . 0  6 . 0  
Tot a l s  6 . 6  4 . 0  3 . 0  2 . 7  4 . 0  4 . 1  
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A MODEL FOR DETERMINING LEAST-COST QUAIL STOCKING PROGRAMS 
Charles H. Lobdell and Robert H. Giles, Jr. , Division of Forestry and 
Wildl i fe Sciences, Virginia Polytechnic Institute & State University, 
Blacksburg 
Abstract: 
A model is presented to allow the calculation of the minimum cost 
of providing an acceptable level of quail hunter success expressed as 
kill per day. The model is based on a Poisson distribution for hunter 
kill per day , t he number of hunters, their success rates, quail sur­
vival rates, various costs of quail production and release, stocking 
levels, and frequency of stocking. An example is given. 
Game farm quail ( Colinus virginianus) have been used primarily to 
provide hunting opportunity in areas having low populations of game 
birds and a high level of hunting pressure. Secondarily, these birds 
have been used t o  replenish areas where wild birds vanished due to 
temporary habitat losses or other factors. 
In some highly populated urban areas, it may be desirable to stock 
birds to provide hunting opportunity for the urban hunter on a stock­
shoot basis. Although superficially expensive, it can be demonstrated, 
in areas of high hunter demand and limited habitat, that (A) it is 
impossible to sat isfy hunter demands from natural stocks, and (B) the 
cost per bird harvested or the mean cost per unit of hunter satisfaction 
is less under the stock-shoot program than under a natural habitat 
production program. All evidence indicates that to get the most out of 
a stock-shoot program, large numbers of birds should be released on 
limited areas that are heavily hunted. This procedure ensures that a 
high proport ion of the birds will be harvested before the birds die of 
other causes or before they disperse from hunting areas. Game managers 
recognize that stocking will not insure increased game populations or 
even increased harvest levels if the birds are stocked too many months 
prior to the hunting season. Yet such st ocking programs continue. 
It is not the purpose of this paper to discuss the biological 
shortcomings of the use of pen-reared birds to achieve the second 
obj ective. Numerous accounts in the literature point out these 
deficiencies (1, 2, 3, 4). 
It is recognized that the percent of the released birds eventually 
killed by a hunter is inversely proportional to the length of time 
between the stocking date and the opening date of the hunting season. 
Under such a system of intensive management it is important to 
minimize cos ts and increase efficiency. A model has been developed to 
achieve such efficiency. It is based on the previous concept and 
utilizes the knowledge of game managers about the size and temporal 
distribution of the kill, cost of raising quail or other game birds, 
the extent of natural mortality on released birds, the temporal and 
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spatial distribution of the hunting pressure, and the effect of success 
on the total hunting effort. The model allows a priori assessment of 
the cost of stocking programs with various rates and replenishment 
schedules and, thus, the least cost solution for providing satisfactory 
stock-shoot quail hunting. It is the purpose of this paper to develop 
such a model and to present its theoretical basis. It is demonstrated 
that a computer is not required, but the problem could be formulated 
for computer solution. 
Hopefully , this paper will stimulate further use of mathematical 
models in analyzing biological processes to increase the efficiency of 
wildlife management. 
The support of the Division of Federal Aid, Bureau of Sport Fisheries 
and Wildlife , Washington, D. C. , is gratefully acknowledged. 
Development 
Through use of mail surveys and other means, the size of the kill, 
number of days hunted, and the temporal distribution of the kill is 
known by most state agencies . Marking released birds with leg bands 
had provided estimates of the natural mortality of these birds as well 
as the percentage of the birds released that are killed by hunters. 
Field studies have provided information on behavioral habits of wild 
birds , such as average covey size at the start of the hunting season. 
These parameters, with some qualifying assumptions, provide sufficient 
information to analyze stock-shoot programs . From such analysis a 
model can be developed. The obj ective of the model is to minimize the 
cost of providing an acceptable level of hunter success expressed in 
terms of the kill-per-day. 
A s s ume that the probability of x kills per day by a hunter follows 
a Poisson distribution having a mean m ,  where 
and 
m = N/C 
N = the size of the stocked population 
C the number of birds that must be stocked per 
harvested bird. 
Thus , the probability that a hunter bags x birds in 1 day is 
-m 
X m e 
x !  
X = 0,1,2, . . .  
which is the mass function for the Poisson distribution. 
( 1 ) 
( 2 )  
The goal of the manager is to provide a sufficient population of 
stocked birds such that a predetermined percentage of hunters, S, 
harvests at least x birds per day. The probability that the kill per 
hunter is equal to or greater than x is 
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x=x x !  
The complementary cumulative distribution function, P (x,m), for the 
Poisson dist ribution is tabulated in many statistics and mathematics 
handbooks. To use these tables t o  determine the number of birds that 
must be present to ensure with probability S that a single hunter bags 
at least x birds, one simply searches the t able in the rth row or 
column until he finds a value greater than or equal to S in the column 
or row corresponding to a particular m. Then from (1), 
N = m · C .  (4 ) 
With most stocking programs, birds released to the wild have poor 
survival. Assume the number of birds dying from causes other than 
hunting in a given period is proportional to t he size of the population. 
The simplest functional relationship is 
where 
M = K · N  ( 5 )  
M = the number of birds dying of causes other than 
hunting, and 
K = a constant mortality rate per week. 
Let Pt represent the number of hunters hunting in a given time 
period t. Pt is a function of the number of hunters in the population 




= H · S ; t = 0,1,2, . . .  
H = the number of hunters that hunt the area on opening 
weekend, and 
S = the percent of hunters bagging at least x birds per 
day. 
( 6 )  
The number of hunters is assumed to decrease at a rate proportional 
to declining success rate, S, between replenishment stockings during the 
season. It is further assumed that a hunter ceases to hunt in any 
year as soon as he fails to bag at least x birds in a single hunt. 
Due to the leisure patterns of the average citizen, most hunting 
takes place on the weekends. It is assumed that the amount of hunting 
during the week (except on opening days) is insignificant. That is, 
from a total quail population management point of view, the effect of 
this hunting mortality is completely substitutable with natural losses 
and is, therefore, included in the constant K in (5). 
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Each time birds are released, the cost of the effort can be 
represented by equation 7. 
where 
TC = F + V · N  
F the fixed costs independent of the number of birds 
released (N) 
V = the cost per bird. 
( 7 )  
In most instances, the size of the stocking programs is sufficiently 
large so that the fixed costs are negligible and can be ignored . Thus 
the problem of minimiz ing cost reduces to one of maximizing the utiliza­
tion of the released birds. To do so, it is assumed that birds will 
be released immediately prior to the weekend when most hunting activity 
takes place. 
Define rt as the stocking level prior to each weekend t, t 
= 1 , 2, . . .  , 
w where w is the length of the hunting season in weeks. The number of 
birds released prior to the opening weekend is 
r = P N 
1 0 ( 8 )  
If Qt, t 
= 1,2, . . .  , w is the residual population at the end of the tth 
week, the repleni shment stocking level (rt) becomes 
where 
P (N-m) ( 1 -K) if t = 1 
0 
t - 1  
r (r . - P . m) (l-K) i f  t > 1 . ]._ ]._ i=o 
( 9 )  
w 
The total number of birds released throughout the season is R = � rt. 
t=o 
Example 
A s sume it desirable to stock enough birds so that 95% of the hunters 
bag at least 1 bird per day (S = 0. 95). From cumulative Poisson 
tables we read across the row corresponding to x '  = 1 until we find a 
valu e greater than or equal to 0. 95. This value is found in the column 
corresponding to m = 3. 0, the mean k ill per day per hunter. 
Assume that 1. 5 birds must be released per quail harvested (C = 1. 5). 
Thus the number of birds to be stocked so that a single hunter wi ll 
have a 95% chance of bagging at least 1 bird is 
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N = mC = 3 . 0 ( 1 . 5 ) = 4 . 5  
If  20% of  the population dies each week from nonweekend hunting 
causes (K = 0 . 20 ) , if the hunt ing season is 4 weeks long and s tart s on 
a weekend , and if the expected hunt ing press ure on the firs t weekend 
( P ) i s  1000 , then the s ize o f  the initial s tocking , r1 , wi l l  be 4 , 500 
b i�d s . 
Using ( 6 ) ; t = 0 , 1 , 2 ,  . . .  , 4 , then the hunting pressure on subsequent 
weekends is  
Po = 1000 
pl = 950  
p2 900  
p3 = 855  
p4 
= 8 12  
The total hunt ing pressure ,  P ,  is  4 , 5 1 7  hunter days . The res idual pop ­
ulat ion (Q = 0)  i s  
0 
Q1 = P0 (N-m) ( l -k)  = 1 000(4 . 5  - 3 . 0 ) ( 1 -0 . 2 ) = 1 200 
The replenishment stocking level for the end of the firs t week is 
rl pl 
N - Ql 
9 50 (4 . 5 )  - 1 200 = 3075 
The res idual population and the replenishment s tocking level after the 
second week is  
Q 1 P1 (N-m) ( l -K) 
= 9 50 (4 . 5  - 3 . 0 ) ( . 8 ) = 1 140  
r2 = p2 N - Q2 = 900(4 . 5 ) 
- 1 140  = 2910  
In  a s imilar manner ,  we obtain 




= 2768  
and 
Q4 = 855 ( 1 . 5 ) ( . 8 ) = 
1 026  
r4 = 2628  
4 
= ;' r = 1 5 , 881  t 
t =o 
The total cost  o f  this effort is  
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TC = S ( F )  + 15, 8 8 1  ( V) 
if F = $ 100 . 00 and V = 1 . 00, then 
TC = 500 . 00 + 15, 8 8 1  = $ 16, 38 1 
The total weekend k ill ( P · m)  is (4517 · 3 . 0) = 13, 551 quail . 
This example demonstrates the use of the model, result ing in a 
calculation of 4, 517 hunter days of quail-based recreation being pro­
duced for a minimum total cost of $ 16, 38 1, or about $ 3 . 60 per hunter day . 
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FORMULATION OF AN OPTIMUM WINTER FOOD-PATCH MIX FOR BOBWHITE QUAIL 
Charl es W .  Smart, Edward B .  Rayburn, Oscar T .  Sanders, Division of 
Forestry and Wildlife Sciences, Virginia Polytechnic Insti tute and 
State University, Blacksburg 
Abst ract ; 
Many state game agencies are seeking to improve winter quail food 
and habi tat by means of art ificial food-patch plantings . The objective 
of such plantings is to increase the limited supplies of nutrients 
available to quail in late winter . Des irable quali t ies of food species 
includ ed in the seeding mixture are : low seeding cos t, high nutrient 
and energy content, persistent seeds, and cult ivation ease . 
Presently used mixtures have been formulated in the absence of 
detailed nutri t ional analysis and cost-minimizat ion techniques . This 
paper seeks to demonstrate the utility of modern operat ions-research 
technology in such decisions by outlining the procedures for determining 
the composition of an opt imum food-patch mix . This mix will meet 
nutri ent and cultivat ion requirements at a least-possible cost per acre 
of food plant ing . Although a solut ion is presented, the emphasis of 
the paper is on the method for obtaining such a solution .  
I n  many states, the establishment of art ificial food-patch plant­
ings is a major act ivity in bobwhi te quail management programs . The 
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purpose of these plantings is to increase the quantities of vegetable 
foods available to quail during the winter when adequate food supplies 
are critical to survival. Much study has been devoted to the formulation 
of seEd mixtures to be used for constructing these food plantings. The 
literature abounds with quail food-preference studies for various regions 
of the country (2, 5, 10). A number of authors make recommendations for 
seed mixtures suitable for bobwhite food patches under a variety of 
condit ions (8, 9, 1 3). 
Arti ficial food patches, however, are expensive to establish and 
maintain. Seed procurement and planting costs may be high, especially 
for non agricultural plant species. Nutrient content also varies be­
tween di fferent quail foods. The mixtures that have previously been 
proposed were formulated largely on the basis of food-preference data. 
Little explicit thought was given to the balance of nutrients in the 
diet or to minimizing the cost of food plantings. Nutritional data 
concerning both quail requirements and the chemical composition of 
seeds were minimal. Techniques for cost minimization were, as yet, 
undeveloped. 
In recent years these gaps in knowledge have been narrowed. Minimum 
dietary requirements have been determined for poultry and some quail 
species. Biochemical analysis has established the occurrence of nutrients 
in many grains. Workers in the field of operations research have 
developed a number of powerful mathematical techniques which, when com­
bined with modern computer capabilities, allow administrators to quickly 
determine least cost and maximum benefit management alternatives (11, 12). 
The availability of nutritional data and optimi zation methods 
offers an opportunity to rethink and improve the formulation of quail 
food-patch mixes. This paper seeks to demonstrate the use of linear 
programming in developing an optimum planting mixture. The food species 
considered in the following example were selected for use under the 
climatic conditions of Virginia. In other states, some species would be 
deleted from consideration while others might be added. The methodology 
however, is identical for any region, no matter what food plants are 
included in the analysis . 
The authors gratefully acknowledge Dr. Robert H. G iles, Jr . ,  
Associate Professor of Wildli fe Management, and Mr . Glenn R. Dudderar, 
Wi ldli fe Extension Specialist, for their aid in compiling data and 
reviewing the manuscript. 
Example Problem 
It is desired to establish a series of arti fi cial food patches for 
bobwhite quail throughout Virginia. The principal obj ective of the 
program is to increase the limited supplies of energy and nutrients 
available to quail in late winter (February) , when food appears to be 
a limiting factor. The manager wishes to determine the seed mix that 
will provide the maximum metabolizable energy per planting dollar 
expended. At the same time he would like to provide a balanced diet of 
protein , calcium, phosphorus , lysine, and sulfur amino acid. 
376
National Quail Symposium Proceedings, Vol. 1 [1972], Art. 49
3 6 8  
The species selected by the manager for possible inclusion in a 
planting mixture for Virginia are listed in Table 1 .  The criteria for 
the selection of any species are threefold. First, the species must 
be able to germinate and reach maturity under the climatic and soil 
conditions of Virginia. Secondly, it must require little or no intensive 
cultivation. Seedbed preparation may be undertaken, but no other care 
should be required . Thirdly, the seeds must be persistent and available 
to quail in February and later months. Al\ 3 are qualitative judge-
ments which must be made by the manager on the basis of his past experi­
ence and the advice of agricultural experts. 
Table 2 summarizes the nutrient requirements of quail. These are 
the minimum values which the manager must seek to meet in his food 
plantings. 
Methods 
The seed mixture problem may be formulated as a linear programming 
problem in the following manner. 
For each species (i) a coefficient (C . )  representing energy pro­
duction per dollar expenditure may be deteimined. Column 1 (energy 
production) and Column 2 (yield) from Table 1 are multiplied together 
and the product is divided by the entry in Column 3 (cost) . For 
example, the coefficient for corn is : 
3400 X 1900 / 45  = 14 3555 . 5 0  
If this coefficent is multiplied by a value, xi ' representing the pro­
portion of the seed mixture allocated to species i, the product may be  
thought of as the proportional contribution of that species to the 
overall energy/cost ratio of the mixture. The manager ' s  obj ective is 
to find the mixture of seed that will make this overall ratio as large 
as possible, while satisfying other minimum nutrient requirements . 
These nutrient requirements may be included in the problem as constraints. 
For each nutrient (j ) and plant species (i) a percentage (a . j) may be 
read from the appropriate column in Table 1. The protein c6ntent of 
corn is, for example, 8.70% . If M ;  (as recorded in Table 2 )  is used to 
designate the minimum quail requirement for nutrient j ,  the amount by 
which seed production by plant species i surpasses this nutrient re­
virement is given by the expression : 
P .  ( a . .  - M . ) x .  
1. l. J J 1. 
where P . 
1. 
= the potential yield of species i 
(Column 2, Table 1) . 
The result may be negative for species with low nutrient contents . 
The problem may be summarized for n food species in ma thematical 
notation. The manager ' s  goal is to maximize the overall energy production 
to cost ratio : 
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(A)  




P .  ( a . .  - M . ) x .  ;;c: 0 ;  for a l l  j l. l. J J l. 
One such constraint must be applied for each nutrient of interest . 
The maximization procedure is subject to only 2 other types of 
constraints . The sum of the proportions in the final mixture must 




X .  = 1 . 00 
l. 
Also each individual x. must be greater than or equal to zero : l. 
(B) 
(C) 
x. � O ;  for all i (D ) l. 
Obviously no species can compose a negative proportion of the mixture . 
Once the problem has been reduced to the form of equations (A) 
through (D) it may be solved by any 1 of a number of linear programming 
algorithms adapted to digital computers . The problem presented here 
was solved with the IBM - supplied mathematical programming system, MPS/360 . 
Initial coefficient calculating and card punching was performed in a 
FORTRAN IV program written by the senior author . 
Results and Discussion 
The linear programming solution to the sample problem indicated 
that 2 species should be included in the planting mixture . Their rela ­
tive proportions, by weight, should be : sunflower (0 . 7 7 )  and kafir 
sorghum (0 . 23 ) . The proportion of all other species in the mix should 
be 0 . 00 .  Multiplying each proportion by the standard seeding rate 
for that species (Table 1, Column 4), and summing the 2 products in­
dicated that this mixture should be applied at a rate of 24 pounds per 
acre . 
This, then, is 
stated objectives . 
to-cost ratio while 
through (D) . 
the seed mixture which best achieves the manager ' s  
It attains the greatest possible energy -production­
satisfying the constraints set by equations (B) 
However the manager must still exercise some judgement before 
adopting such a mixture . Energy and nutrient requirements are satisfied, 
but a number of other considerations are important . The manager must 
make sure that the selected plant species are relatively familiar to 
quail . Stoddard (10: 125) stated that quail may require 2 or 3 seasons 
before they will accept a new food . This type of consideration should 
b e  applied when initially establishing the list of species suitable 
fo r food plantings .  In addition the manager must remember that not 
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Tab l e  1 .  Nutrit ional and agronomic charac t eristic s  o f  s elec t ed qua i l  food p lants . *  
Metab . P lant ing S eed ing Crude S u l f ur 
energy Yield  c o s t  rate prot ein Calc ium Pho sphorus Lys ine ami no acid 
Sp ec i es name ( Kcal /Kg . )  ( Kg/acre)  ( $ /acre) ( lbs /acre)  ( %) ( %) ( %) ( %) ( %) 
Corn 3400 . 00 1900 . 00 45 1 6 . 0  8 . 70 0 . 04 0 . 3 1 0 . 2 7 0 . 34 
S er ecia  Lesp edeza 2200 . 00 9 1 . 00 1 2  15 . 0  34 . 70  0 . 15 0 .40 0 . 15 0 . 30 
Cormnon Lesp ed eza 2200 . 00 9 1 .  00 12 15 . 0  40 . 60 0 . 15 0 .40 0 . 15 0 . 30 
Lup ine 2200 . 00 9 1 . 00 40 28 . 0  39 . 20 0 . 05 0 .40 0 . 10 0 . 30 
Foxtai l Mi l l et 2200 . 00 9 1 . 00 20  40 . 0  12 . 10 0 . 05 0 . 28 0 . 30 0 . 13 
Japanes e Mi l l et 1500 . 00 9 1 . 00 2 0  40 . 0  12 . 00 0 . 05 0 . 2 8 0 . 30 0 . 13 
Wi ld  Oat s 2600 . 00 400 . 00 30  64 . 0  1 1 .  7 0  0 . 1 1 0 . 35 0 . 36 0 . 36 
Cow Pea 3328 . 00 2 20 . 00 35 90 . 0  2 3 .40  0 . 1 7 0 . 50  0 . 15 0 . 30 
Wint er P ea 2601 . 00 136 . 00 35 6 0 . 00 2 2 . 5 0  0 . 1 7 0 . 50  0 . 15 0 . 30 
Canad ian P ea 2600 . 00 136 . 00 35 90 . 00 2 2 . 5 0  0 . 1 7 0 . 5 0  0 . 15 0 . 30 
Part ridge Pea 2000 . 00 140 . 00 35 60 . 0  36 . 30 0 . 1 7 0 . 5 0  0 . 15 0 . 30 0 
Broom Sorghum 3400 . 00 1800 . 00 25 5 . 6  9 . 70 0 . 03 0 . 35 0 . 18 0 . 09 
Grain Sorghum 3500 . 00 1800 . 00 25 5 . 6  1 1 . 10 0 . 04 0 . 3 1 0 . 2 7 0 . 45 
Hegar Sorghum 35on . oo 1800 . 00 25 5 . 6  10 . 00 0 . 04 0 . 33 0 . 18 0 . 20 
Kafir Sorghum 3500 . 00 1800 . 00 25 5 . 6 1 1 .  80 0 . 04 0 . 33 0 . 2 7 0 . 20 
Mi lo Sorghum 3 250 . 00 1800 . 00 25 5 . 6  1 1 . 00 0 . 04 0 . 29 0 . 2 7 0 . 34 
Sorgo Sorghum 3000 . 00 1800 . 00 25 5 . 6  9 . 60 0 . 04 0 . 30 0 . 25 0 . 25 
Soybean 2500 . 00 410 . 00 35 30 . 0  3 7 . 90 0 . 25 0 . 59 2 .40 1 . 05 
Sunflower 2500 . 00 1000 . 00 20 30 . 0  41 . 00 0 . 43 1 . 04 2 . 00 1 .  60  
*From Anonymous ( 1966 ) , Crampton and Harri s ( 19 69 ) , and Hubbell  ( 19 7 1 ) . 
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all of the addit ional nutrients will be available t o  quail. Other 
wildlife species in compet it ion for the same food supply may significantly 
reduce the effect iveness of any plant ing program. 
After determining an optimum mixture , the manager must make certain 
that the species to be planted are not potent ial compet itors. Linear 
programming provides no means of allowing for detrimental interactions ; 
these must be recognized by the manager. One solut ion to potent ial 
compet it ion problems would be strip plant ing of the individual species , 
instead of completely random seed dispersal. The manager must also be 
certain that his mixture is sufficiently diverse to insure success 
over the range of site condit ions on which he must plant (8 , 13). If 
it is not , then he should compile separate species lists and redo the 
analysis for each set of environmental characterist ics which he is 
likely to encounter. Without such analyses the failure of food plants 
to become established on adverse sites may completely outweigh the value 
of the ent ire cost minimizat ion-energy maximizat ion procedure. 
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Table 2. Minimum nutritional requirements of quail. -J, 
Nutrient Percent of diet 
Crude protein 24. 00 
Calcium 0. 44** 
Phosphorus 0. 65 
Lysine 1. 40 
Sulfur amino acids 0. 80 
* From National Academy of Sciences ( 19 7 1). Values are for coturnix 
quail. 
**From Miller (196 7) .  A value of 0. 20 was used in the actual analysis 
since it was apparent that no combinat ion of species could meet the 
requirement of 0. 44 percent . 
SUMMATION OF THE NATIONAL BOBWHITE SYMPOSIUM 
E. V. Komarek , Tall Timbers Research S tation , Tallahassee, Florida 
Your chairman , Dr. Morrison , has given me  a difficult task indeed. 
That is to present to you a summati on of this National Bobwhite 
symposium which in truth is within itself a summation of a large amount 
of investigative effort and study. No one person could absorb all of 
this information in a few days , and it would be presumptuous for me  to 
try to do so. Perhaps I may be permitted to bring to you , then , what 
might be called t he "sense of the meeting . "  Certainly this Symposium 
reflects the state of the science and art of bobwhite quail research 
and management including the many ramifications so necessary due to 
variations in the bird ' s  habitat requirements throughout its wide range. 
As was most fitting , the meeting had a prologue in a bird dog 
demonstration and workshop: without the use of bird dogs the hunting 
of the bobwhite would lose its attraction to many of its devotees. The 
use of dogs in bobwhite hunting brings in many extra problems, as the 
environment must be so managed not only to produce the quail , but to 
produce conditions in which bird dogs can operate well and be 
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observed properly. In my opinion, altogether too many research people 
in game management overlook this factor. Production of the game is 
only half of the job, and in many cases consists of the lesser half. 
That the excellent barbeque was not only utilized for nourishment 
but for many discussions was self-evident and most appropriate ; for, 
after-all, bobwhite hunting is an outdoor sport. One cannot help but 
wonder how an outdoor symposium would affect the conferees. I have 
long learned that many differences of opinion are solved quickly and 
amicably, even in connection with real controversy, when they are dis­
cussed right on the ground. 
The first panel session : "Trends in Principal Management Themes" 
was most important, and fittingly was the first of the formal sessions, 
for the land on which quail are produced and are hunted must be owned 
by someone. The speakers, along with the discussions, showed the broad 
conditions under which quail hunting is and must be conducted ; ranging 
from the intensive kind of hunting found on "Private Shooting Preserves" 
to that found on "Southern Pla11tations " ,  "State Owned Public Hunting 
Grounds", and on "Small Farms and Timberlands. " That good quail hunting 
can be obtained under such varying conditions highlights the versatility 
of both quail production and quail hunting. 
The second panel session : "Heretical Ideas About Bobwhite Ecology 
and Management" discussed pertinent information directly related to 
management and the potential carrying capacity of quail lands. The 
subjects from the "One Quail Per Acre Myth", '"'rwo Broods per Year -
Fact or Fantasy ?", "The Covey Unit - Organized or Disorganized" are in 
need of further exploration and study. The last paper in this session 
brought up a problem that has besieged quail management from its very 
earliest beginnings. "Releasing Pen-raised Quail in Kansas - Its Effect 
on Hunter Success and Population Levels" was not only of interest but 
brought on a considerable amount of discussion. It would appear from 
the discussion that bobwhite quail managers have not been effective 
in disseminating the results of studies on pen-raised birds, telling 
where and when they can and cannot be effectively used. Some of this 
discussion was very similar to those heated arguments of over 30 years 
ago, as if no progress had been made in understanding this management 
measure during the interim. 
The third panel session : "Landholder-Sportsmen Relations: 
Solutions for a Problem" is as vital today as it was in the early days 
of quail management and research. The basis of the conflict between 
the hunter and the land-holder is found in the basic philosophy anchored 
in our pioneer heritage: that all of the game belongs to all the 
people. In quail hunting, this idea clashes directly with the proven 
management contentions that whatever the land owner does on his land 
can, and does, affect the quail population and hunting conditions. In 
other words, by the management of his land for farming, forestry, or 
other economic practices, he determines whether or not there will be 
quail to hunt. Stoddard pointed out over 40 years ago that management 
of the habitat of quail is the determining factor in quail production 
and abundance. This has been proven and reproven by nearly every scientist 
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ever involved in quail research and has recently been brought up to 
date by Rosene. 
Quail is a crop o f  the land, j ust as much as any other economic 
crop. Once this is realized, it should be evident that the land­
owner cannot and will not spend his money to make a more favorable 
habitat for quail unless he is reimbursed . It is important that we 
place a monetary value on the quail crop to induce the farmer or land­
owner to go into the business of producing more quail hunting. The 
papers presented at this session : "Pennsylvania ' s  Program to Improve 
Landholder-Sportsmen Relations", "The Landholders Views on the Problem 
and The Open Acres Program as a Solution", and the "Sportsmen ' s  Hopes 
for the Future of Hunting on Private Land" all discussed and stressed 
important aspects of this fundamental problem in bobwhite hunting for 
the average hunter. It would appear from these papers and the ensuing 
discussions that some solutions to this problem are developing in some 
regions. 
I have purposely left until last the. Technical Sessions I and II : 
"Trends in Principal Management Themes" and "Current Research on 
Bobwhite Life History , "  respectively. It would certainly be presumptuous 
for me to even attempt to  summarize the 22 excellent papers in these 2 
technical sessions. I will, however, take the opportunity at this 
time to make some comments in lieu thereof. It is gratifying that such 
a large number of these technical papers were related to quail management 
and can be properly called management-research papers. I recall some 
discussions elsewhere that such management research papers could not 
be brought together and publ ished. The chairman, Dr. Morrison, and 
his colleagues certainly deserve a great deal of credit for doing 
something that some people insisted could not be done. These papers 
show that research on bobwhite ecology is on s sound management basis ; 
and this symposium will, I am sure, stimulate even greater interest in 
management. The papers also show a great deal of care in using ordinary 
English so that not only can other researchers understand them, but 
so can the sportsman. After all, the ultimate purpose of bobwhite re­
search is to primarily furnish hunting of this magnificent game bird. 
It may be of interest to you to interject here some comments from 
Dr. E. W. Nelson, Chief, Bureau of Biological Survey (now Fish and 
Wildlife Service) to H. L. Stoddard upon Stoddard ' s  entering on duty 
at Thomasville, Ga. for the Cooperative Quail Investigation in 1924, 
for it shows the importance placed upon the sportsman and the necessity 
of  applied research . 
"It is scarcely necessary for me to say that the success or 
failure of the investigation will rest in your hands, and 
the initiative will rest largely with you as to how the work 
is carried on and the results obtained . It will naturally 
be necessary for you to maintain friendly relations w ith the 
people with whom you come in contact , both among the contribu­
tors to the fund and the residents of the section in which you 
are working, since such relations will go far toward bringing 
about a successful conclusion of the work. 
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It  i s  hoped that you wi l l  be ab le to de fin ite ly deter­
mine methods whereby the quai l can be increased and ma intained 
in numbers far beyond those there present . The subscribers 
to the fund hold the ir lands in that region mai n ly for the 
quai l  shooting they get and natura l ly des ire a practical  out­
come to the investigation . "  
Today in s ome circ le s ,  we seem to have lost  the premi s e  that the 
purpose of game research, particularly where it i s  f inanced by the 
s ports man I s dol lar, i s  that the se people who furn ish the funds "natural ly 
des ire a practica l outcome to the investigation . "  Thus it i s  hearten ing 
to me that in s pite of the dis cus s ions now going on in those circle s as 
to the re lative mer its of "pure " ( ?) game re search versus  management re ­
search, that at least in quai l  management there is  no s uch hiatus . Cer­
tain ly thi s sympos i um shows that the state of both the art and of  the 
s cience of bobwhite management re search meets Dr . Ne l s on ' s  ear l ier ad­
mon ition as to the value of practica l outcome of game re search . 
It is a l s o  mos t grati fying to me that the use of f ire has f ina l ly 
become a recognized tool in the management of the bobwhite . Ful ly, a 
third of the papers have made re ference to fire .  Here again , it may 
be of intere st  to quote from the past ,  and this time from the Dean of 
both quai l re search as we l l  as quai l  management in regard to what we 
now term " f ire ecology", words that were not brought together unti l 
on ly recently ( 1 962) . 
Stoddard wrote ( 1 931) that fire and the e f fects of burning: 
" . . .  pre sent a complex problem, one that would require years 
of care ful research on the part of a we l l -equi pped experiment 
s tation to work out . Such re search is greatly needed, and 
should be carried on, for fire may we l l  be the most important 
s ingle fac�or in determining what an imal and vegetab le l i fe 
wi l l  thrive in many areas . 11 
The "sense of the meeting" s hows up in thi s  regard here w ith the 
awarding to Ge orge Hurst of the Wende l l  Bever Award for hi s most 
exce l lent s tudy "Bobwhite Quai l Chi ck Food Habits and Brood Habitat 
Management" in which he brought out the value of fire management in 
regard to insect food for qua i l  chicks . I would l i ke to point out that 
probab ly the greatest need in b obwhite research is  more in formation 
of the re lationshi p  of insects and their habitat requirements to that 
of the needs of th� bobwhite ,  particu larly for the laying hen and for 
the baby chick in the first few weeks of its l i fe .  Stoddard was the 
f irs t to point out the de pendence of the baby chick on insect food 
during thi s period, and every study from which I have information on 
thi s  s ituation has ver i f ied this  fact . 
I would l ike to impre s s  on a l l  of you that a l l  gal linaceous birds 
require a high prote in and high ca lcium diet at egg- laying time and 
that young chicks also  have thi s requirement in the first few weeks of 
l i fe .  Where in nature can the se birds f ind such a diet high in both 
of the se factors ? Certain ly the insect groups can furnish both high 
prote in and ca lcium requ irements . At Ta l l  Timbers Re search Stati on 
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we have recognized that fire and its effects on insect populations are 
very complex . Let me leave with you the idea that certain insects 
that live on quail food plants may be of much more value, particularly 
during the chick -rearing and egg-laying periods, than the plants them ­
selves directly as food. 
Another phase of research that appears to be needed in more depth 
is the relationship of food and other requirements to cold weather 
around the northern edges of the bobwhite range. These regions are 
characterized by fluctuations of quail numbers directly related to 
severe winters . Certainly management research should be able to find 
ways and means to overcome these wide swings in quail numbers. The 
goal of research should not be production only in good years. Good 
game management insists upon tempering such natural extremes even by 
what might be termed unnatural methods. That food, and its availability 
is at least a major factor during severe winters has been brought out 
at these meetings. The question, then, is how can we supplement nature 
under these conditions ? Certainly with today ' s  tools and techniques 
this problem could be studied in greater depth, and some real benefits 
would occur to the quail -hunting sportsman by stabilizing the produc ­
tion of quail. 
Another allied area for further investigation would be to study the 
great variations in bobwhite populations that apparently occur at the 
western edge of its range where moisture is a limiting factor. 
I have mentiJned these three areas : insect foods, extreme winters, 
and problems in arid climate, because so much of our game research seems 
to me, at least , to be a constant repeating of past studies, as if there 
were no maj or principles that underlie quail abundance and quail hunting. 
That past ideas should be questioned and restudied is of course of 
paramount importance to proper understanding. However, to make continual 
food studies or to census repeatedly seems to me to be a waste of the 
sportsmen ' s  and taxpayer ' s  moneys. From a critical viewpoint, it would 
appear that more imagination, more creativity, and new approaches should 
be the "order of business" in the future. 
In concluding this "summation" it is apparent to me that this 
National Bobwhite Symposium has shown that the state of both the 
research and the art of bobwhite management is of high quality. The 
research and other papers presented here certainly show a high regard 
for practical application ; and the papers themselves can be easily read 
and understood by both sportsmen and researchers. The group of people 
that originated, designed and conducted the Symposium have shown a 
real understanding of quail research and management, as well as the 
many ramifications of the sportsman-landholder relationship. It is my 
hope that the same group can hold another such bobwhite symposium when 
they deem sufficient new infonnation is available . 
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A PARTIAL BIBLIOGRAPHY OP THE BOBWHITE .QUAIL 
Steven L. Tobler and Jaae• C. Lewia 
Oklahmu Cooperative Wildlife Research Unit, Stillwater. 
Thia bibliography liata contributiona to literature dealing with bobwhite 
quail. The literature sources surveyed include Wildlife Review, Nos. 1-145; 
the bibliographies in The 8obw~ite Quail: Its Life and Managelll!nt by Walter 
Rosene; and The Bobwhite Quail: Its Habits, Preservation and Increase by 
H. L. Stoddard; Forestry Quarterly, Volu•a: l, 4, 5, 7, 9-14; Journal of 
Forestry, Volumes lS-64; and Forest Science, Volu11ea 1-10. Other aources 
included the literaturt- cited sections of uny theses, bulletins, and 
proceedings of symposia. 
Entries have been categorized according to aajor subjects. Literature 
available for a pllrticular category usually will be found by searching that 
category. Additional material may be found by searchin1 other cloaely 
related categories. 
The reaional breakdown. of soa categod•s include• the following atatea 
(1) southeastern: Kentucky, Virginia, Tennessee, North Carolina, South 
Carolina, Florida, GeorM,a, Alabama, and Miaaiasippi; (2) southwestern: 
Misaouri, Arkansas, Louiaiana, ltanaaa, Oklahoma, and Texas; (3) northern: 
those states to the north of Ka1111u 1 Missouri, Kentucky, and Virginia. . 
Numerous references on diseases and paraaitea are cited in the aiticle 
by Kellogg and Doster I on pages 233-68 , in addition to the title• listed here. 
The authors acknowledge Mr. Leroy Anderson for hia assistance in 
searching for citations and Mrs. Gay Wiliins, Mias Jeanne llay, and the 
secretaries of the Oklahoma State University Research Foundation for their 
aaaistance in t1'J)ing the manuacript. 
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